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CHAPTER I. SUMMARY 
The Fourmile Run study had two primary objectives: 
1) To collect comprehensive field data suitable to characterize the 
system and for use in calibrating and verifying a mathematical 
water-quality model. 
2) To calibrate and verify a mathematical model suitable for use in 
determining the factors which influence water quality in the system 
and for use as a management tool. 
The fulfillment of the objectives and the results of the study are 
summarized below. 
Water-quality surveys were conducted in two summer seasons in the 
years 1981 and 1982. Sampling included a series of slackwater surveys 
at approximately two-week intervals from June to September, 1981, and an 
intensive survey in July, 1981. Two additional slackwater surveys were 
conducted in July and August, 1982. The water-quality surveys were 
supplemented by measures of bathymetry, tide, current, and benthic 
nutrient and oxygen fluxes. 
Two primary indicators of water quality are the algal population, 
quantified as the chlorophyll 'a' concentration, and the dissolved 
oxygen concentration. Maximum observed chlorophyll concentrations were 
approximately 25 µgm/1 and typical concentrations were in the S to 20 
µgm/1 range. Observed dissolved oxygen was almost always above S mg/1 
although a few concentrations between 4 and S mg/1 were noted. 
A one-dimensional, real-time model has been applied to the 
system. The model consists of hydrodynamic and water-quality submodels. 
The hydrodynamic submode! provides predictions of surface level, 
2 
velocity and di1persion to the water-quality submodel which treats 
organic nitrogen. ammonia nitrogen, nitrite+nitrate nitrogen, organic 
phosphorus, ortho pho1phorus, chlorophyll 'a', CBOD, and dissolved 
oxygen. 
The model bas been calibrated and verified against data derived 
from the July, 1981, intensive survey, and the June to September, 1981, 
slackwater surveys. Analysis of the model results have shown it to be 
suitable for use as a management tool. 
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CHAPTER II. INTRODUCTION 
This Fourmile Run investigation is part of a larger Potomac 
Embayments Study initiated in 1979 to survey and model a series of 
Virginia embayments tributary to the upper. tidal portion of the Potomac 
River. Prior to the study, these embayments were reported to be subject 
to nuisance algal blooms and accompanying undesirable dissolved oxygen 
fluctuations. The purpose of the study is to collect comprehensive. 
consistent field data describing the conditions in these embayments and 
to provide mathematical models which can be used both to analyze the 
factors which contribute to the problems in the embayments and to 
evaluate alternative management strategies to alleviate the undesirable 
conditions. 
A. Description of Fourmile Run 
Fourmile Run (Figure 2-1) may be visualized as consisting of three 
reaches. The most upstream, freeflowing, reach drains 36 km 2 of 
Arlington County, Va •• and terminates at the East Glebe Road crossing. 
The second, central. reach extends 3 km from the crossing to the point 
at which the Run opens up into a wide embayment adjoining the Potanac 
River. This central reach contains the transition from the freeflowing 
to the tidal regime and has been channelized as part of a flood-control 
program. The third reach is the embayment which adjoins the Potomac. 
The embayment is tidal throughout and extends approximately 0.8 km from 
the river to its point of constriction. The drainage basin of the Run 
is highly urbanized and consists of portions of Arlington County and the 
4 
City of Alexandria. The wide embayment lies within the borders of the 
District of Columbia. 
3 Mean annual flow in the Run is 0.4 m /sec. During the summer 
months, flows less than 0.2 m3/sec are prevalent although freshets above 
2 m3/sec occur. A primary source of flow to the Run is the Arlington 
County Sewerage Treatment Plant which discharges into the central 
portion of the Run. During the study period, the plant was rated at 30 
3 mgd or 1.3 m /sec. Of this flow, approximately two-thirds was treated 
at the secondary level and the remainder received advanced waste 
treatment (AW'l'). 
Attention in this study is devoted only to the t idal portion o f 
the Run which consists of the wide embayment and the central reach below 
the Arlington Ridge Road crossing. 
• 
Road 
I . 5 0 
e+ EH E!1 F3 +-+ 
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Figure 2-1. Fourmile Run. 
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CHAPTER III. THE FIELD PROGRAM 
Field data for this study were collected during the summer 
seasons in 1981 and 1982. Data collected included hydrographic data. 
water-quality data. and special-purpose data. 
A. The 1981 Field Program 
1) Bydrographic Surveys - The hydrographic data collected during 
this study includes measures of tide range at the mouth of the Run and 
current velocity within the Run. The locations of the tide gauge and 
current meter are shown in Figure 3-1. The tide gauge was maintained 
from June 19 to August 30. and the current meter was in place from 1200 
hrs. July 13 to 0600 hrs. July 16. 
In addition to the automated devices. tide staffs were installed 
during the intensive water-quality survey and recorded manually at one-
hour intervals. These records provide an indication of the variation in 
tide range along the axis of the Run. 
2) Intensive Survey - The intensive survey is a water-quality 
survey conducted over a period of two tidal cycles. approximately 25 
hours. The purpose of the survey is to monitor. as closely as possible. 
the inputs to the embayment and the water quality within the embayment. 
The survey is conducted for 25 hours so that both the intratidal and 
diurnal behavior of the embayment may be noted. 
The 1981 intensive survey was conducted from 1830 hrs. July. 14 
to 2030 hrs. July 15. Samples were collected from mid- depth at stations 
1 to 5 shown in Figure 3-1. The parameters sampled and the sample 
interval are presented in Table 3-1. Dissolved oxygen (D . O.) wa s 
7 
measured in situ with a Yellow Springs Instruments probe. Nitrogen, 
phosphorus, and BOD samples were iced and delivered within 24 hrs. to 
the Commonwealth of Virginia Consolidated Laboratories for analysis. 
Chlorophyll samples were frozen for subsequent analysis at the Virginia 
Institute of Marine Science. 
In order to measure the inputs to the Fourmile Run system, 
several locations external to the tidal reach were also sampled. Prior 
to and during the intensive survey, four twelve-hour composite samples 
were collected from the secondary and AWT outfalls of the sewerage 
treatment plant (Sta. 7). In the same period, five composite samples 
were collected and the flow was measured in the freeflowing portion of 
Fourmile Run (Sta. 6). The composites were analyzed for the parameters 
listed in Table 3-1 except that D.O. and temperature were sampled in 
situ rather than obtained from composites. 
3) Dye Study - Concurrent with the intensive survey, a dye 
dispersion study was conducted in order to provide data for verification 
of the mass-transport portion of the water-quality model. Six hours 
prior to commencement of the intensive survey, 6.8 kg of Rhodamine WT 
fluorescent dye were instantaneously released at Station 2 in the wide 
embayment. Dye samples were subsequently collected at the five instream 
stations hourly during the intensive survey and in slackwater surveys 
conducted one, three, and five tidal cycles after complet i on of the 
intensive. 
4) Slackwater Surveys - Slackwater surveys provide an 
instantaneous view of water quality in the system during an interval of 
slack tidal current. A series of these surveys was conducted at 
approximately two-week intervals from early June through la t e September, 
8 
1981 (Table 3-2). Due to problems encountered in navigation, all 
surveys were conducted during periods of daylight slack-before-ebb. 
These surveys are leas comprehensive than the intensive surveys, but 
provide valuable data for examination of long-term trends in water 
quality and for verification of the mathematical model. 
The alackwater sample stations and sample parameters are the same 
as for the intensive survey (Fig. 3-1, Table 3-1). The STP effluent and 
the freeflowing streams were sampled concurrently with each survey and, 
during the majority of the surveys, flow in the stream was gauged as 
well. 
B. The 1982 Field Program 
1) Slackwater Surveys - To verify that the conditions observed 
in 1981 are typical and recurrent, slackwater surveys were conducted on 
July 8 and August S, 1982. 
c. Special-Purpose Surveys 
1) Benthic Materials Flux - Previous investigations of other 
Potomac embayments indicated there were sources and sinks of nutrients 
in the systems other than the measured inflows. It was concluded that 
these were due to fluxes of materials between the bottom sediments and 
the overlying water. To investigate the role of benthic fluxes in 
Fourmile Run, measurements of the benthic fluxes of ammonium, nitrate, 
ortho phosphorus, and dissolved oxygen were collected. 
Measurements were conducted by sealing a hemispherical plastic 
dome to the stream bottom thereby entrapping a fixed volume of bottom 
water. By sampling the water within the dome periodically during the 
9 
duration of the measurements, which lasted from four to eight hours, the 
rate of change of mass for each constituent within the dome was 
calculated. Thi• rate of change of mass was then converted to an areal 
mass flux rate across the sediment-water interface. 
Measurements were collected at Stations 2 and 5 on July 8, 1981. 
Duplicate measures were taken at each station. Results are presented i n 
Table 3-3. 
2) Bathymetry Survey - Stream depth and width measurement s were 
collected in June, 1981, at the seven transects indicated in Figure 3-2. 
D. Data Presentation and Conversion 
All of the water quality data collected during the 1981 and 1982 
seasons is presented in Appendix A. To allow comparison between the 
data and the model results, several of the parameters reported by the 
laboratory or collected in situ must be converted to a more useable 
form. The formulae used in these conversions are detailed below. 
1) TKN to Organic Nitrogen - As analyzed by the laboratory, 
total Kjeldahl nitrogen includes ammonia nitrogen, dissolved and 
detrital organic nitrogen, and the nitrogenous portion of the algal 
biomass. To obtain organic nitrogen, as utilized by the model, the 
ammonia and algal fractions must be subtracted from the TKN via the 
following relationship. 
ORG N = TKN - NH4 - aN • CH 
(3-1) 
in which 
ORG N = organic nitrogen 
TKN = total Kjeldahl nitrogen of sample 
NH
4 
= ammonia nitrogen concentration of sample 
10 
CH~ chlorophyll concentration of sample 
aN = ratio of nitrogen to chlorophyll in algal biomass 
= 0.007 mg/µgm 
2) Total Phosphorus - As analyzed by the laboratory, total 
phosphorus includes the phosphorus bound up in algal biomass. To obtain 
total phosphorus independent of the algal fraction, the following 
relationship is utilized 
TOT P (corrected)= TOT P (laboratory) - aP • CB 
in which 
TOT P = total phosphorus 
aP = ratio of phosphorus to chlorophyll in algal biomass 
= 0.001 mg/µgm 
(3-2) 
The model further distinguishes between organic phosphorus and ortho 
phosphorus. Rather than convert the corrected values of total 
phosphorus to organic phosphorus, the model predictions of organic 
phosphorus and ortho phosphorus are summed, where appropriate, for 
comparison with field data. 
3) CBOD5 to CBODu - The majority of the in-stream BOD analyses 
are five-day carbonaceous biochemical oxygen demand (CBOD5). These must 
be scaled-up to ultimate carbonaceous biochemical oxygen demand (CBOD ) 
u 
and corrected for the respiration and decay of algae entrapped in the 
BOD bottle. The correction is accomplished through the relationship 
CBODu = R • CBOD5 - 2.67 • aC • CB 
in which 
CBOD = ultimate carbonaceous biochemical oxygen demand 
u 
CBOD = five-day carbonaceous biochemical oxygen demand 
5 
R = ratio of CBODu to CBOD5 
aC = ratio of carbon to chlorophyll in algal biomass 
(3-3) 
11 
=- o.o.s mg/µgm 
The ratio of CBODu to CBOD5 ia obtained from the fraction of the 
slackwater and intensive survey samples which were analyzed for both 
five-day and ultimate CBOD. Although the ratio varies both spatially 
and temporally, it is consistent, in an average sense. Analysis of 26 
instream samples indicates the mean ratio of CBODu to CBOD5 is 3.1 to 1. 
4) Disk Visibility to Light Extinction - The Secchi depth 
measured in-situ must be converted to a light-extinction coefficient and 
further corrected for the extinction due to algae in the water column. 
The conversion and correction. obtained from Holmes (1970) and Stefan 
and Cardoni (1983) yield the equation 
Ke= 145/DV - 0.018 • CH 
in which 
Ke= light-extinction coefficient (!/meter) 
DV = disk visibility (cm) 
(3-4) 
5) Presentation of Converted Data - The converted values of 
organic nitrogen, total phosphorus. and CBODu are listed in Appendix B 
along with the unconverted values of those parameters necessary for 
comparison of model results with field data. The light-extinction 
coefficients are presented in subsequent chapters on model application. 
E. Background Inputs 
The volumetric and mass fluxes which enter the tidal portion of 
Fourmile Run from the freeflowing portion are referred to as background 
or nonpoint-source inputs. These inputs were measured concurrently with 
12 
the majority of the field surveys. In order to conduct long-term model 
simulations. however. information on the background fluxes between 
surveys is necessary. This information was provided. on a daily basis 
for the 1981 season. by the Northern Virginia Planning District 
Commission through employment of a nonpoint-source prediction model for 
the drainage basin. 
Time-series plots of the predicted daily background inputs are 
presented in Appendix C. For comparison purposes. the ins t antaneous 
flux rates and chlorophyll and DO concentrations sampled concurrently 
with the field surveys are indicated on the same plots. The agreement 
between the predictions and observations is satisfactory except for the 
chlorophyll concentrations. For this constituent. a typical background 
concentration of 1 µgm/1 was utilized in all model runs. 
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TABLE 3-1. Parameters and Sampling Interval - Intensive Survey 
Parameter 
Total Kjeldahl Nitrogen 
Ammonia Nitrogen 
Nitrate+ Nitrite Nitrogen 
Total Phosphorus 
Ortho Phosphorus 
Chlorophyll 'a' 
CBODS 
pH 
Temperature 
Secchi Depth 
Dissolved Oxygen 
Total Organic Carbon 
CB0Du 
Interval 
two hours 
two hours 
two hours 
two hours 
two hours 
one hour 
two hours 
one hour 
one hour 
one hour 
one hour 
two hours 
one per tidal 
TABLE 3-2. Dates of 1981 Slackwater Surveys 
June 4 
June 15 
July 1 
July 28 
LIBRARY 
of the 
VIRGINIA INSTITUTE 
of 
MARINE SCIENGE 
August 10 
September 9 
September 24 
cycle 
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. TABLE 3-3. Result of Benthic Flux Surveys 
Station NH4 N03 P04 DO 
2 8.0 -13.2 -0.28 
-97 
2 -3.6 - 3.9 -0.33 -44 
5 73 39 1.8 
-63 
5 25 10 0.27 -75 
All 2 fluxes in mg/m /hr. 
Negative fluxes indicate sediment uptake. 
• 
1 . 5 0 
.... E-i t-1 &ii F-1 
Kilometer 
STP 
S Water Quality Sample 
T Tide Gauge 
C Current Meter 
1 
Figure 3-1. Data Collection Stations. 
S2 
.... 
V, 
1 . 5 0 
S1 E-3 Ed E3 EH 
Ki 1 oml't t·r 
Figure 3-2. Bathymetry Transects. 
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CHAPI'ER IV. DESCRIPTION OF THE MAIHEMATICAL MODEL 
The mathematical model employed in this study consists of two 
independent submodels, a hydrodynamic submode! and a water-quality 
submode!. The hydrodynamic submode! provides predictions of surface 
level and current velocity throughout the system and is also capable of 
predicting the transport of a conservative substance such as salt or 
dye. The water-quality submode! employs the hydrodynamic information 
provided by the first submode! to predict the concentrations of eight 
nonconservative dissolved substances: organic nitrogen, ammonia 
nitrogen, nitrite+nitrate nitrogen, organic phosphorus, o r tho 
phosphorus, chlorophyll'a', carbonaceous biochemical oxygen demand, and 
dissolved oxygen. Both submodels are real-time and one-dimensional. 
That is, they predict parameter variations within a tidal cycle and 
along the longitudinal axis of the system, but not along the lateral or 
vertical axes. Details of the formulations of the models are presented 
in Williams and Kuo (1984). Brief summaries of the models are presented 
in the remainder of this chapter. 
A. The Hydrodynamic Submode! 
The hydrodynamic submode! is based upon the one-dimensional 
equations expressing the conservation of volume, momentum, and mass: 
B ~~ + ~~ = q 
at ax 
a Q2 ao 
+ -- [--] = -gA~!l -
at ax A ax 
a (AS) a (QS) a + -- = 
at ax ax 
(4-1) 
2 Q lo!R-4/3 
't 
• B (4-2) gn A + --p 
[EA ~~] 
ax 
+ So (4-3) 
18 
in whioh 
t = time. 
x = distanoe along river axis. 
B c the surface width of the river. 
~ = the surface elevation referenced 
Q = discharge. 
q = lateral inflow. 
A = cross-sectional area. 
n = Manning friction coefficient. 
to mean sea level. 
R = hydraulic radius of the cross-section. 
S = concentration of dissolved substance. 
~ = the surface shear stress. 
s 
p = the density of water. 
E = the dispersion coefficient. 
So= source or sink of dissolved substance per unit length. 
The governing equations are solved by dividing the continuum to 
which they apply into a series of finite segments. The volume. 
momentum, and mass equations are next integrated over the length of each 
segment resulting in a system of finite-difference approximations to the 
original differential equations. The finite-difference equations are 
integrated on a high-speed computer to provide predictions of surface 
level, velocity. and concentration. 
B. The Water-Quality Submode! 
The water-quality submode! provides predictions for eight 
dissolved substances which interact to form a simplified aquatic or 
marine ecosystem. Supplied with flow and volume information from the 
hydrodynamic submode!, the water-quality submode! operates by solving 
the finite-difference approximation to mass-conservation equation, eq. 
4-3. with appropriate source and sink terms for each substance. The 
19 
substances are organic nitrogen, ammonia nitrogen, nitrite-nitrate 
nitrogen, organic phosphorus, ortho phosphorus, chlorophyll'a', 
carbonaceous biochemical oxygen demand, and dissolved oxygen. The 
interactions among these substances, as accounted for in the model, are 
shown in Fig. 4-1. The source and sink t erms, expressed for the 
longitudinally-integrated finite segments, are presented in the 
remainder of this chapter. 
1) Phytoplankton (or chlorophyll'a') - The phytoplankton 
population, quantified as the concentration of chlorophyll 'a', occupies 
a central role in the schematic ecosystem of Fig. 4-1 and influences, to 
a greater or lesser extent. all of the remaining non-conservative 
dissolved constituents. The source/sink term for phytoplankton is 
expressed 
SS = V •CH• (G-R-P-Ksch /h) + WCH 
in which 
SS = mass source or sink in model segment (mg/day) 
3 V = segment volume (m) 
CH = chlorophyll 'a' concentration (µg/1) 
G = growth rate of phytoplankton (I/day) 
R = respiration rate of phytoplankton (I/day) 
P = mortality rate due to predation and other factors (I/day) 
Ksch = settling rate of phytoplankton (m/day) 
h = local depth (m) 
WCH = external loading of chlorophyll 'a' (mg/day) 
(4-4) 
Phytoplankton growth is dependent upon nutrient availability, 
ambient light, and temperature. The functional relationships used in 
20 
tho model gonorally follow the forms of DiToro. et al (1971) and are as 
follows: 
G = Kgr • Tgr • I(Ia.Is,ke.CH.h) • N(N2.N3.P2) 
in which 
Temp. 
effect 
Light 
effect 
Nutrient 
effect 
Kgr = optimum growth rate at 20 C (1/day) 
Tgr 8gr T-20 = 
T = temperature (C) 
I = attenuation of growth 
N = attenuation of growth 
Ke= Ke'+ 0.018 • CH 
ICt) 
a1 = Is • exp (-Ke• h) 
I(t) 
aO = Is 
due to suboptimal lighting 
due to nutrient limitations 
I • 24 • ff sin[«-!=!~] 'f < a td=t~ 2- "td-tu 1 tu t < td 
(4-5) 
(4-6) 
(4-7) 
(4-8) 
(4-9) 
I(t) = (4-10) 
0 if t < tu or t > td 
in which 
Ke'= light extinction coefficient at zero chlorophyll concentration 
(I/meter) 
Ke= light extinction coefficient corrected for self- shading of plankton 
(I/meter) 
h = depth of water colmnn (meters) 
Is= optimum solar radiation rate (langleys/day) 
I(t) = solar radiation at time t 
21 
la= total daily solar radiation (lanaleya) 
tu= time of sunrise. in hours 
td = time of sunset. in hours 
t = time of day in hours 
The nutrient effect. N. is based on the minimum limiting nutrient 
concept. 
N = minimum 
in which 
N2 + N3 
Kmn + N2 + N3 
N2 = ammonia nitrogen concentration (mg/1) 
N3 = nitrite+nitrate nitrogen concentration (mg/1) 
P2 = ortho phosphorus concentration (mg/1) 
(4-11) 
Kmn = half-saturation concentration for inorganic nitrogen uptake (mg/1 
Kmp = half-saturation concentration for ortho phosphorus uptake (mg/1) 
The respiration rate. R. is a function of temperature. 
R =a• Tr 
in which 
a= respiration rate at 20 C (I/day) 
T e T-20 r = r 
(4-12) 
2) Organic Nitrogen - The source/sink term for organic nitrogen is 
expressed 
SS= V • [- !~!~_!_!~!~ • Nl + aN •Fron• (R+P) • CH 
Kh12 + Nl 
- Nl•Knll/h + BENNl/h] + WNl 
in which 
Nl = concentration of organic nitrogen (mg/I) 
(4-13) 
Kn12 = hydrolysis rate of organic nitrogen to ammonia at 20 C (mg/1/day) 
22 
Tnl2 = 0n12T-20 
Khl2 = half-saturation concentration for hydrolysis (mg/1) 
aN = ratio of organic nitrogen to chlorophyll in phytoplankton 
(mgN/µgm Chi) 
Fron= fraction of phytoplankton nitrogen recycled to organic pool by 
respiration and death 
Knll = settling rate of organic nitrogen (m/day) 
2 BENNl = benthic flux of organic nitrogen (gm/m /day) 
WNl = external loading of organic nitrogen (gm/day) 
3) Ammonia Nitrogen - The source/sink term for ammonia nitrogen is 
expressed 
SS V • [ Kn23 • Tn23 Kn12 • Tn12 • Nl 
= Kh23 + N2- - • N2 + Kh12 + Nl 
+ aN • [(!-Fron) • (R+P) - PR* G] •CB + BENN2/h] + Wn2 (4-14) 
in which 
N2 = concentration of ammonia nitrogen (mg/1) 
Kn23 = nitrification rate of ammonia to nitrate nitr ogen at 20 C 
(mg/1/day) 
Tn23 = 0n23T-20 
Kh23 = half-saturation concentration for nitrification (mg/1) 
BENN2 = benthic flux of ammonia nitrogen (gm/m2/day) 
PR= preference of phytoplankton for ammonia uptake 
N2 • N3 
= (Kmn+ N2)•(Kmn+ N3) 
N2 • Kmn ~ -------------------(N2+N3)•(Kmn+ N3) 
WN2 = external loading of ammonia nitrogen (gm/day) 
(4-15) 
4) Nitrite+Nitrate Nitrogen - The source/sink term for nitrite-
nitrate nitrogen is expressed 
SS = V • [!~~~-!_!~~~ • N2 - aN • G * (1-PR) • CB - N3 Kh23 + N2 
• K·,133/h + BENN3 /h] +WN3 
(4-16) 
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in which 
N3 = concentration of nitrite-nitrate nitrogen (mg/1) 
Kn33 = settling rate of nitrite-nitrate nitrogen (m/day) 
2 BENN3 = benthic flux of nitrite-nitrate nitrogen (gm/m /day) 
WN3 = external loading of nitrite-nitrate nitrogen (gm/day) 
5) Organic Phosphorus - The source/sink term for organic 
phosphorus is expressed 
SS = V • [-!~!~_!_!~!~•Pl+ aP • Frop • (R+P) • CH Khp + Pl 
- Pl• Kpll/h + BENP1/hl + .WPl 
in which 
Pl= concentration of organic phosphorus (mg/1) 
(4-17) 
Kp12 = hydrolysis rate of organic to inorganic phosphorus at 20 C 
(mg/1/day) 
Khp = half-saturation constant for hydrolysis (mg/1) 
TP12 = 8p12T-20 
aP = ratio of organic phosphorus to chlorophyll in phytoplankton 
(mg P/ug Chl) 
Kp11 = settling rate of organic phosphorus Cm/day) 
2 BENP1 = benthic flux of organic phosphorus (gm/m /day) 
WP1 = external loading of organic phosphorus (gm/day) 
Frop = fraction of phytoplankton phosphorus recycled to organic pool by 
respiration and death 
6) Ortho Phosphorus - The source/sink term for ortho phosphorus is 
expressed 
SS = V • r!i!~-~-!~!~ •Pl+ aP • [(1- Frop) • (R+P)-GJ • CH Khp + Pl (4-18) 
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- P2 •Kp22/h + BENP2/h] + WP2 
in which 
P2 = concentration of ortho phosphorus (mg/1) 
Kp22 = settling rate of inorganic phosphorus (m/day) 
BENP2 ~ benthic flux of inorganic phosphorus (gm/m2/day) 
WP2 ~ external loading of ortho phosphorus (gm/day) 
7) Carbonaceous Biochemical Oxygen Demand - The source/sink term 
for CBOD is expressed 
SS = V • [-Kc• Tbod • CBOD + aC • aco • P • CH (4-19) 
- CBOD • Ksc/h] + WCBOD 
in which 
CBOD = concentration of carbonaceous biochemical oxygen demand (mg/1) 
Kc= first-order decay rate of CBOD at 20 C (1/day) 
Tbod = 8bodT-20 
aC = ratio of carbon to chlorophyll in phytoplankton (mg C/µg Chl) 
aco = ratio of oxygen demand to organic carbon recycled= 2.67 
Ksc = settling rate of CBOD (m/day) 
WCBOD = external loading of CBOD (gm/day) 
8) Dissolved Oxygen - The source sink term for dissolved oxygen is 
expressed 
• Kn23•Tn23 • SS = V • [-Kc• Tbod • CBOD - ano Kh23+ N2 N2 (4-20) 
+ aco • aC • PQ • G •CH - aco • aC/RQ • R • CH 
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+Kr• (DOa - DO) - BENDO/h] + WDO 
in which 
DO= dissolved oxygen concentration (mg/1) 
ano = ratio of oxygen consumed per unit of ammonia nitrified = 4.33 
PQ = photosynthesis quotient (moles 02/mole C) 
RQ = respiration quotient (moles CO2/mole 02) 
Kr= reaeration rate Cl/day) 
DOs = saturation concentration of DO (mg/1) 
BENDO = sediment oxygen demand (gm/m2/day) 
WDO = external loading of dissolved oxygen (gm/day) 
The expression utilized to compute the reaeration coefficient, Kr, 
(O'Connor and Dobbins: 1958) is 
1 Kr= --h 
in which 
1/2 
• Kro • [~----] • Tdo h 
Kr= reaeration rate (1/day) 
Kro = proportionality constant 
Tdo = 8doT-20 
u = mean cross-sectional velocity Cm/sec) 
(4-21) 
Saturation dissolved oxygen concentration, DOs, is calculated as a 
function of water temperature from a polynomial fitted to the tables of 
Carritt and Green (1967). 
DO= 14.6244 - 0.367134 • T + 0.004497 • T2 (4-22) 
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CHAPTER V. APPLICATION OF THE HYDRODYNAMIC MODEL 
Before the hydrodynamic model can be utilized. it must be supplied 
with the geometry of the water body to be modelled. Next. model 
predictions of surface level and current velocity should be compared to 
field measures of these parameters. Finally. the ability of the model to 
predict the transport of dissolved substances should be verified through 
comparison of model predictions and field measures of the concentration 
of some conservative substance such as dye or salt. The completion of 
each of these procedures is detailed in this chapter. 
A. Fourmile Run Geometry 
As noted in Chapter IV. the solution to equations 4-1 through 4-3 
is accomplished through division of the water body into a series of 
finite segments which together approximate the continuous system. The 
hydrodynamic model must be supplied with the geometry of each of these 
segments including measures of length. width. depth. cross-section. 
surface area. and volume. 
Fourmile Run is divided into twenty segments along the 
longitudinal axis (Fig. S-1) . The geometry of these segments is derived 
from the bathymetry measurements taken in June. 1981. (Fig. 3-2). from 
U. S. Army Corps of Engineers project specifications. and from a 
U.S.G.S. topographic map of the Alexandria quadrangle. 
Specification of the segment geometry is complicated by the 
irregular shape of the wide embayment and by the tidal fluctuations in 
surface level. Cross-sectional area. surface area. and volume cannot be 
considered constant. but are instead computed within the model as time-
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variable functions of surface elevation. Segment geometries at the mean-
tide level are presented in Table 5-1. Note that for some of these 
segments, the surface area and volume are larger than the product of the 
segment length and transect width or area. The additional area and 
volume are due to the irregular segment geometry previously mentioned. 
B. Calibration and Verification of Tide and Current 
In this section, the ability of the model to predict surface level 
and current velocity within the embayment is tested. This is 
accomplished by completing a model run employing observed tides at the 
mouth of Fourmile Run and observed freshwater flows as boundary 
conditions. The predicted tide range along the axis of the Run and 
current within the Run are then compared with measurements. The 
prediction of tide range is deemed a calibration in that agreement 
between predictions and observations is obtained by calibrating the 
bottom friction term, expressed as Manning's n, in Eq. 4-2. The 
prediction of current may be viewed as a verification that the 
volumetric transport due to the calibrated tidal prism is correct. 
The tide range was calibrated using the tide-staff measures 
observed during the intensive water-quality survey. The results, 
employing n=0.03, are presented in Figure S-2. It can be seen that 
predictions and observations are in perfect agreement in the lower two-
thirds of the Run but that the model does not reproduce the damped tide 
observed at the upstream limit of the study region. Tide range at the 
upstream limit proved impossible to reproduce due to the sudden rise of 
the stream bottom to an elevation above the mean tide level and due to 
the presence of rubble and obstacles which have an unknown effect on 
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bottom roughness. The primary effect on model results of the 
overestimation of tide range may be an exaggeration of the tidal 
flushing of dissolved substances at the upstream limit of the Run. 
Predictions and observations of current are compared using the 
data collected near Station 4 (Fig. 3-1) during the intensive survey. 
Results are presented in Figure 5-3. It can be seen that the model 
correctly captures the magnitude and phase of the downstream (positive) 
current but apparently overestimates the upstream (negative) velocity on 
most occasions. It was noted, however, during the survey that the 
current meter sat on the shallow channel bottom during low tides and 
could not reverse direction. Therefore the raw current data does not 
accurately represent upstream transport. Low tide at mid-day July 14 
was relatively high so that the current meter could reverse direction. 
During that tide cycle, the model accurately reproduces the observed 
upstream velocity. In view of this behavior, it can be concluded that 
the model predicts sufficiently both the upstream and downstream 
transport in Fourmile Run. 
C. Calibration of Mass Transport 
In the last test of the hydrodynamic model, the ability to predict 
the transport of a conservative substance is examined. The dye s tudy 
conducted during and after the intensive water quality survey is used 
for this purpose. 
Calibration is achieved via evaluation of the dispersion term of 
Eq. 4-3 and by adjustment of a weighting coefficient, a, which 
determines the dissolved substance concentration in the f low b e tween 
adjacent segments. 
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Dispersion, E, ia computed by Taylor's formula 
E = Eo • n • u • R516 
in which 
2 E = dispersion coefficient (m /sec) 
Eo = proportionality constant 
n = Manning's friction coefficient 
u = velocity (m/sec) 
R = hydraulic radius (m) 
A value of Eo = 60 was found suitable for model use. 
The weighting coefficient a is utilized in the equation 
in which 
(5-1) 
(S-2) 
ai = weighting coefficient for transect i (O.S <a< 1.0) 
C' = concentration of dissolved substance flowing from 
segment i-1 to 
segment i 
Ci-l = concentration of dissolved substance in segment i-1 
C = concentration of dissolved substance in segment i i 
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A value of a= 1.0 corresponds to a backwards finite-difference 
scheme. A value of a= 0.5 corresponds to a central difference scheme. 
Details of the employment of the weighting factor in the finite-
difference scheme may be found in Williams and Kuo (1984). Optimal 
results for Fourmile Run were obtained with a= 0.75. 
Predicted and observed time series of dye concentration at 
Stations 2 to 4 are presented in Figures 5-4 to 5-6. Station 1 i s not 
shown since concentration there is specified as the downstream boundary 
condition. No dye was predicted or observed at Station S. 
In judging the model results, it should be recalled that only six 
hours passed between the instantaneous dye dump and the collection of 
the first samples. Therefore the dye may not initially have been 
uniformly distributed laterally across the width of the Run or 
longitudinally on a scale comparable to the segment length. 
It is the judgement of the author that the results of the mass-
transport calibration indicate that the model is well-suited to its 
intended purpose of calculating the intra-tidal and inter- tidal 
transport of dissolved substances. There is some discrepancy between 
the concentrations predicted and observed in the first hours at Stations 
2 and 3. This behavior may be attributed to the aforementioned lack of 
complete initial mixing. There is also a tendency for dye predictions 
to exceed observations at Station 2, indicating that dispersion may be 
overestimated in that region. In general, however, the model performs 
well in predicting the concentration of dye within the two tidal cycles 
encompassing the intensive survey and at one, three, and five tide 
cycles after. 
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TABLE 5-1. SEGMENT GEOMETRIES AT MEAN TIDE 
Transect Segment Distance 
Length Surface Depth Cross Surface 
Volume 
from (m) Width 
(m) Sectional Area (10
6
m
3) 
Month (m) 
Area (104m2 ) 
(m2) 
(km) 
7 2.67 
ss 0.9 so 
7 133 
0.73 0.66 
8 2.53 
55 0. 9 so 
Transects 7 to 18 are identical 
18 1.20 
ss 0.9 so 
18 133 
0.73 0.76 
19 1.07 
ss 1.17 64 
19 133 
0.73 0.95 
20 0.93 
ss 1.43 79 
20 133 
0 . 73 1.14 
21 0.80 
55 1. 70 94 
21 133 
2.76 3.75 
22 0.67 
180 2.10 378 
22 133 
4.40 8.13 
23 0.53 
300 2.50 750 
23 133 
6.00 13.7 
24 0.40 
420 2.90 1218 
24 133 
7.18 16.0 
25 0.27 
400 2.60 1040 
25 133 
7.18 14.0 
26 0.13 
400 2.30 920 
26 133 
11.5 22.1 
27 o.oo 
400 2.00 800 
1 • 5 
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Figure 5-1. Model Segmentation. 
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CHAPTER VI. APPLICATION OF THE WATER-QUALITY MODEL 
A. Rationale for Calibration and Verification 
Application of the water-quality model is similar to that of the 
hydrodynamic model. The model must be supplied with appropriate input 
data and boundary conditions and then calibrated to fit the field data 
through the adjustment of various coefficients, most notably the 
biogeochemical rate constants described in Chapter IV. Following the 
calibration, the selection of coefficients should be verified through 
comparison of model predictions with additional independent field data. 
Calibrating and verifying the water-quality model is much more 
difficult than the hydrodynamic model due to the number of predicted 
parameters to be calibrated - organic, ammonia, and nitrate nitrogen, 
total and ortho phosphorus, chlorophyll, CBOD, and DO - and to the 
large number of coefficients which may be adjusted in attaining the 
calibration. In some instances it may be possible for alternate sets of 
calibration parameters to provide roughly equivalent calibrations and 
verifications. To avoid this situation, it is desirable to minimize the 
number of coefficients which are evaluated through fitting of model 
results to field data. 
There are a variety of sources for the data and coefficients used 
in this model. Among these are measurements, literature values, and 
calibration. Measurements include inputs such as water temperature and 
STP wasteloading. Literature values are coefficients which have been 
evaluated in published studies of similar systems. Calibration 
parameters are those which are obtained through fitting of the model to 
observations. 
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The number of calibration paruietera employed in the calibration 
and verification procedures is minimized through adherence to the 
following principles in evaluating model parameters: 
1) Utilize measurements of system inputs and biogeochemical constants 
and coefficients whenever these are available. 
2) Utilize values from the literature or from models of similar systems 
when measurements are not available. 
3) Utilize calibration values only when no other sources are available 
or when other sources are proven unsuitable. 
One source of Fourmile Run calibration parameters is the model of 
Gunston Cove (1985), another Potomac embayment. The calibration 
coefficients in the Gunston Cove model were obtained as a result of 
extensive testing and after review by several referees. Calibration 
coefficients in Fourmile Run are kept consistent with Gunston Cove 
whenever possible. 
B. Consistency of the Calibration and Verifications 
To be of optimal use, a water quality model ought to employ 
consistent values of biogeochemical constants and transformation rates. 
That is, these values should be transferable when the model is used to 
Provide predictions for comparison with independent sets of 
observations. Coefficients which are not constant should be calculable 
based on ambient conditions of temperature, light, wind, etc. If the 
model is not consistent, then its predictive value is reduced since any 
Predictions will depend upon the selection of coefficients from the 
range of values previously employed. 
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Tho ideal of consistency imposes• dilelllllla upon the modeller. He 
must provide a consistent model of an inconsistent world. In the 
prototype. biogeochemical constants and rates need not be consistent 
from survey to survey. season to season. or year to year. yet in the 
model this aust be so. 
In the calibration and verifications to follow. the principle of 
consistency is adhered to wherever possible. The trade-off is that 
predictions and observations do not always agree as closely as they 
might if the model were adjusted to each survey individually. 
Discrepancies between predictions and observations must therefore be 
regarded as illustrative of the variability of natural processes rather 
than indicative solely of shortcomings in the model. 
C. The Calibration and Verification Data Bases 
From the data described in Chapter III. two independent data sets 
were determined to be suitable for model use. These are the July. 1981. 
intensive survey. and the June 4 to September 9. 1981. series of 
slackwater surveys. Initial calibration is achieved using the intensive 
survey and verification is conducted employing the slackwater surveys. 
The September 24. 1981. slackwater survey is not included in the 
verification since observations of downstream boundary conditions and of 
chlorophyll are missing. The 1982 slackwater surveys are not considered 
since both were preceeded by rainstorms. Therefore. a record of 
background inputs is necessary to model the periods represented by these 
two surveys. 
D. Calibration of the July. 1981. Intensive Survey 
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The calibration is conducted by using the observations collected 
in the 7uly 1 slaokwater survey as initial conditions in a model 
simulation of the period from 7uly 1 through 7uly 15. Model predictions 
for the period 18:30 hrs 7uly 14 to 20:30 hrs 7uly 15 are compared with 
the intensive survey data collected in the same interval. In successive 
model runs, calibration parameters are adjusted until agreement is 
achieved between the model predictions and the data. 
The primary criterion in determining calibration is agreement 
between predicted and observed daily-average longitudinal distributions 
of the eight water-quality parameters included in the model. 
To conduct the simulation, the model requires data on ambient 
conditions and external inputs to the system, and evaluation of a number 
of constants and coefficients. The manner in which these are obtained 
and the values employed are as significant as the achievement of 
calibration itself. Therefore, all model inputs and coefficients and 
their origins are presented before the calibration results. 
1) External Inputs and Ambient Conditions - External inputs to 
Fourmile Run and ambient conditions within the Run during the simulation 
period are presented in Table 6-1. The majority of values employed are 
the result of direct measurements and require little comment. 
The STP flow rate and phosphorus wasteloading are the average of 
values obtained from daily records kept by the plant. Wasteloadings of 
remaining substances and effluent DO are obtained from the composite 
samples collected during the survey. Background loads are obtained from 
the nonpoint-source prediction model. 
Daily measures of total solar radiation collected at Rockville, 
Md., are employed. Daylength, the quantity td- tu in Equation 4-10, is 
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coaputed via an equation derived from observations of sunrise and sunset 
at Rockville, Md. The equation is 
2n 
td-tu = 12.3 + 2.6 sin [365 • (D-80)] 
in which 
td-td = daylength (hours) 
D = Julian day of year 
(~) 
Light extinction, as calculated from secchi depth observations via 
Eq. 3-4 and as employed in the calibration is shown in Figure 6-1. 
Extinction is arbitrarily set to 6/meter in segments 16 to 19 in order 
to represent shading from the highway and railroad bridges which span 
the central portion of the study area. Otherwise, values of light 
extinction employed in the model are close to the central values of the 
observations • . 
2) Phytoplankton-Related Coefficients - The phytoplankton-related 
coefficients employed in the calibration are presented in Table 6-2. 
3) Nitrogen-Related Coefficients - The nitrogen-related 
coefficients employed in the calibration are presented in Table 6-3. 
4) Phosphorus-Related Coefficients - The phosphorus-related 
coefficients employed in the calibration are presented in Table 6-4. 
S) CBOD- and DO-Related Coefficients - The coefficients related 
to CBOD and DO and employed in the calibration are presented in Table 6-
S. The coefficient Kro = 3.93 is the metric equivalent of Kro = 12.9 
given by Thomann (1972). 
6) Settling Rates and Benthic Fluxes - The calibrated settling 
rates of organic nitrogen. organic phosphorus, chlorophyll. and CBOD are 
in the range 0.4 to 1.S m/day and are generally larger than conventional 
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settling rates of approximately 0.1 a/day. It will be shown in 
sensitivity analyses, however, that tho rates employed are necessary to 
achieve calibration. Reinforcement of the rates used herein is provided 
by noting that a recently-calibrated model of the Potomac River (Thomann 
and Fitzpatrick: 1982) employs settling rates of 2 to 3 m/day in order 
to achieve calibration of several substances in the vicinity of the Blue 
Plains STP. The implication of the settling rates used here is that 
large fractions of the pollutants discharged by the Arlington STP during 
the study period rapidly settled to the bottom of Fourmile Run. 
Examination of the benthic flux measurements presented in Table 3-
3 indicates that fluxes at the upstream end of the Run have different 
characteristics than near the downstream end. Emphasis is placed on the 
measures collected at Station 2 in the wide embayment as this station is 
more representative of the studied portion of Fourmile Run. 
The model framework considers benthic fluxes to be constant, 
although a provision for temperature dependence is included. Study of 
the uptake data for nitrate and ortho phosphorus indicated a classic 
first-order decay pattern rather than a constant uptake rate, however. 
In order to correctly model the dependence of uptake on concentration 
yet remain within the model framework, observations of the fluxes of 
nitrate and ortho phosphorus were converted to equivalent settling rates 
via the formula 
SR= K•V 
A 
in which 
SR= settling rate (meters/day) 
(6-2) 
K = 
V = 
apparent first-order decay rate observed in benthic chamber (1/day) 
volume of chamber Cm3) 
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A• area of sediment-water interface enclosed in chamber (m2 ) 
Providing appropriate values to eq. 6-2 yields nitrate settling 
rates of 0.09 to 0.3S m/day and ortho phosphorus settling rates of 0.26 
to 0.30 m/day. These rates were refined in calibration to obtain the 
values presented in Tables 6-3 and 6-4. 
Benthic fluxes of ammonium and oxygen are left as constants and 
obtained through calibration within the range of observations. It i s 
recognized that in the environment these fluxes are not constant but 
vary as functions of substance concentration, physical disturbance of 
the sediments, temperature, and other factors. A determinis t ic 
relationship between these factors and the fluxes is not available, 
however, and it is noted that reasonable calibration and verificat ion 
are obtained by considering the fluxes of ammonium and oxygen to be 
constant. 
7) Calibration Results - Field data and model predictions for the 
7uly, 1981, intensive survey are plotted against distance from the mouth 
of the Run in Figures 6-2 to 6-9. The mean and range of observations 
and predictions are shown for organic nitrogen, ammonia nitrogen, 
nitrate+ nitrite nitrogen, ortho phosphorus, total phosphorus, 
chlorophyll 'a', CBOD, and dissolved oxygen. 
u 
Qualitative agreement is achieved between predictions and 
observations of all substances. Both the data and the model indicate a 
peak at the outfall (km 1.7) of those substances discharged by the STP. 
Chlorophyll concentration is at a maximum near the mouth of the Run and 
declines in the upstream direction. A mild DO sag of approximately 1.S 
mg/1 exists between the center of the Run and the boundaries . In 
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neither the model nor the data, however, does daily-average dissolved 
oxygen go below 5 mg/1. 
E. Verification with the June to September, 1981, Slackwater Surveys 
The objective of verification is not to fit the model to the data 
through evaluation of various coefficients. Rather, the purpose of 
verification is to test that previously-evaluated coefficients are 
correct and consistent. This is done by comparing model predictions 
with observations collected independently of the calibration survey and 
under different ambient conditions and external loads. 
The calibration was based upon a model run of fifteen days which 
provided predictions for comparison with intensive observations 
collected in a one-day interval. In this verification, the long-term 
predictive ability of the model is tested through comparisons of model 
predictions with observations collected in the June 4 through September 
9 series of slackwater surveys. The model simulates the summer season 
in a single, three-month run using the June 4 observations as initial 
conditions and providing predictions for comparison with data collected 
in the five subsequent slackwater surveys (Table 3-2). The observations 
collected in the intensive survey are also included in the seasonal 
verification. Details of the verification procedure and results are 
presented in the remainder of this chapter. 
1) External Inputs and Ambient Conditions - Evaluation of external 
inputs and ambient conditions for the seasonal run is problematical in 
that daily measures of stream flow, temperature, boundary conditions, 
etc., are unavailable. These were measured only in conjunction with the 
slackwater surveys. Thus there are inter-survey gaps of approximately 
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two-weeks duration in the data base. These gaps were filled by asstlllling 
temperature and downstream boundary conditions observed in the 
slackwater surveys to be constant during the interval beginning one week 
prior to the survey and extending one week after. That is, t emperature 
and downstream boundary conditions are modelled as step functions with 
the duration between steps equal to the interval between surveys. 
STP wasteloading is also modelled as a step function. Flow rate 
and effluent phosphorus concentration are taken as the average of daily 
values reported by the STP for the appropriate interval. Concentrations 
of the remaining substances in the effluent are based on grab samples 
collected during the slackwater runs. 
Step - function duration. temperature, downstream boundary 
conditions, and wasteloads employed in the seasonal model run are 
presented in Tables 6-6 to 6-8. 
Background flows and loads were obtained from the NVPDC model and 
are shown in Appendix C. As noted previously, the predicted chlorophyll 
concentrations at the upstream boundary are unsatisfactory. Instead, a 
constant concentration of 1 pg/1 is employed in the model. 
Daily total solar radiation, as measured at Rockville, Md., is 
employed in the model run. Daylength is computed via equation 6-1. 
Constant values of light extinction, obtained by calibration 
within the range of observations are employed in the model and are shown 
in Figure 6 - 1. Use of temporally-varying light extinction is 
preferable, and would yield improved model results. but the observations 
of disk visibility collected during the slackwater runs are too scanty 
and variable to provide reliable evaluation of light extinction during 
the two-week step intervals. 
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2) Constant• and Coefficients - All con1tant1 and coefficients 
employed in the seasonal verification are identical to the values 
employed in the intensive calibration. 
3) Verification Results - Results of the seasonal verification, 
presented as plots of predictions and observations along the 
longitudinal axi1, are shown in Figures 6-10 through 6-17. The figures 
indicate the instantaneous data points and the range of predicted 
concentrations in the twenty-four-hour interval centered on the time of 
the survey. 
A second view of the seasonal verification is presented in the 
time- series plots of Figures 6-18 through 6-2S which illustrate 
embayment-average conditions throughout the season for each water-
quality parameter. Data points are the average of all instream samples 
collected in each survey while the model output is the daily-average of 
all model segments. These plots are advantageous in that temporal 
trends in the predictions and observations are readily distinguished. 
In evaluating the verification results, consideration must be 
given to the sparcity and variability of the observations and to the 
Potential effects of processes active in the prototype but not included 
in the model. Random spatial and temporal variability in the data 
manifests in the form of extreme data points which the model cannot 
replicate. Prototype processes not included in the model are, for 
example, wind events which push embayment water out into the Potomac or 
cause dilution of the embayment with river water. 
While the model will not reproduce individual data points, it is 
expected to represent the spatial trends and approximate magnitude of 
the observations in each survey. Based on these criteria, the seasonal 
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run is a oredible verifioation of the ability ot the model to simulate 
the long-tera behavior of the system. although discrepancies between the 
observations and predictions do occur. 
The most notable deviations of model results from observations 
occur in the chlorophyll predictions of August 10 and September 9 {Fig. 
6-15) in which the model underpredicts the algal population. The most 
likely cause of the discrepancy is inadequate specification of light 
extinction and background chlorophyll concentration. In the absence of 
detailed information. the model treats these as temporally constant. In 
the prototype. however, extinction and background concentration are 
variable. Deviations from the long-term average values employed in the 
model may result in actual chlorophyll concentrations which differ from 
predicted concentrations. The role of light extinction and background 
concentration will be examined in subsequent sensitivity analyses. 
Table 6-1. External Inputs and Ambient Conditions - July, 1981 
External Inputs 
Flow Org N NH4 N03 Tot P P04 Chl CB0Du DO 
3 (m I sec) (kg/day) (kg/day) (kg/day) (kg/day) (kg/day) (µgm/1) (kg/day) (mg/1) 
STP 0.9 190 669 289 172 167 0 1809 6.S 
Background 0.2 5 1 13 2 1 1.0 34 7.3 
Minimum 
Maximum 16.4 1108 116 329 238 67 1.0 8871 8.6 
Open-Mouth Boundary Concentrations (Measured) 
IJI 
0 
Org N 
~'H4 N03 Tot P P04 Chl CBODu DO 
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (µgm/1) (mg/1} (mg/1) 
0.46 0.25 1.3 0.09 0.08 10. 2.4 7.3 
Temperature (Measured) 26. 9 c0 
Daily Solar Radiation (Klein and Goldberg) 155 to 728 Langleys 
Daylength (calculated) 14.7 to 14.9 hours 
Light Extinction Coefficient (measured, calibrated) 2.8 to 6.0/meter 
Coefficient 
aC 
an 
ap 
PQ 
RQ 
Kmn 
Kmp 
Kgr 
a 
Is 
Ksch 
p 
8gr 
8r 
Coefficient 
Kn12 
Kh12 
Knll 
Kn23 
Kh23 
BENN2 
Kn33 
8n12 
6n23 
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Tablo 6-2. Phytoplankton-Related Coeffic ion ts 
Value Source 
O.OSO mg/µgm Gunston Cove 
0.007 mg/µgm , , 
0.0008 mg/µgm , , 
1.4 mole/molo , , 
1.0 mole/mole , , 
0.025 mg/1 Thomann and Fitzpatrick 
0.001 mg/1 , , 
2.0/day , , 
0.09/day Gnnston Cove 
250 Langleys/day , , 
0.4 m/day calibration 
0.02/day Thomann and Fitzpatrick 
1.087 Williams and Murdoch 
1.150 Gnnston Cove 
Table 6-3. Nitrogen-Related Coefficients 
Value 
0.075 mg/1/day 
1.0 mg/1 
1.0 m/day 
0.100 mg/1/day 
1.0 mg/1 
2 0.0 to 0.025 gm/m /day 
0.2S m/day 
1.04 
1.04 
Source 
Thomann and Fitzpatrick 
Gunston Cove 
Calibration 
Thomann and Fitzpatrick 
Gnnston Cove 
Measured, Calibration 
Measured, Calibration 
Gnnston Cove 
, , 
Coefficient 
Kp12 
Kpll 
Khp 
Kp22 
8p12 
Coefficient 
Kc(20) 
Ksc 
Kro 
BENDO 
8bod 
8do 
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Table 6-4. Phosphorus-Related Coefficients 
Valu.e 
0.22/mg/l/day 
1.0 m/day 
1.0 mg/1 
0.3 m/day 
1.04 
Sou.rce 
Thomann and Fitzpatrick 
Calibration 
Gunston Cove 
Measu.red, Calibration 
Gunston Cove 
Table 6-5. CBOD- and DO-Related Coefficients 
Value 
0.15/day 
1.0 to 1.5 m/day 
3.93 
2 
-1.5 gm/m /day 
1.04 
1.025 
Source 
Calibration 
Calibration 
Thomann 
Measured, Calibration 
Gunston Cove 
ASCE 
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Table 6-6. Model Input Periods for Seasonal Verification 
This table shows the intervals in which temperature , boundary 
conditions, and point-source loads were assumed to be constant and the 
slackwater surveys from which these data were derived. 
Period Survey 
.Tune 4 - .Tune 8 .Tune 4 
.Tune 9 
- .Tune 22 June 15 
.Tune 23 
- July 7 July 1 
.Tuly 8 - .Tuly 21 July 14-15 
.Tuly 22 - August 2 July 28 
August 3 - August 25 August 10 
August 26 
- Sept. 9 Sept. 9 
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Table 6-7. Temperature and Open-lfouth Boundary Concentrations for Seasonal 
Verification 
Temp Org N NH4 N03 P04 Tot P Chl CBOD DO 
C mg/1 mg/1 mg/1 mg/1 mg/1 µgm/1 mg/1 mg/1 
.June 4 22.2 0.30 0.10 1.00 0.05 0.06 2 2.0 7.0 
.June 15 28.2 0.39 0.10 1.01 0.05 0.06 2 2.1 4.4 
.July 1 25.7 0.04 0.10 1.22 0.03 0.04 23 3.6 8.6 
.July 14-15 26.9 0.46 0.25 1.30 0.08 0.09 10 2.4 7.3 
.July 28 26.S 0.30 0.60 0.66 0.05 0.06 1S 2.1 7.8 
August 10 27.3 0.57 0.10 0.90 0.01 0.02 19 4.1 7.0 
Sept. 9 22.3 0.55 0.10 0.72 0.05 0.06 7 1.1 5.8 
Table 6-8. Point-Source Loads for Seasonal Verification 
Q Org N NH4 N03 P04 Tot P CBOD DO 
ems kg/dy kg/dy kg/dy kg/dy kg/dy kg/dy mg/1 
.June 4 1.0 220. 749. S11. 194. 194. 1057. 6.1 
.June 15 0.9 71. 983. 550. 134. 134. 826. 5.1 
.July 1 0.9 80. 795. 555 . 106. 106. 978. 5.3 
.July 14-15 0.9 190. 669. 289 • 130. 130. 1809. 6.5 
.July 28 0.9 49. 723. 370 • 147. 147. 787. 5.4 
August 10 1.0 201. 385. 377. 144. 144. 1300. 6.4 
Sept. 9 1.0 26. 691. 432. 219. 219. 1026. S.3 
Observed June 15 X 
July 1 • 
July 14-15 + 1 (11. 9) July 28 'v 
10 Sept 24 • 
Model 
9 
8 
-~ 
al 7 VI 
+J VI 
II) 
a 
-
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i:: 
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-.-4 I +J 
u 
~ 4 ,c • +J 
>< ~ 
3 ~ T 2 
1 
-0.4 o.o 0.4 0.8 1.2 1.6 2.0 2 .4 2.8 
Kilometers from Mouth 
Figure 6-1. Light-Extinction Coefficients. 
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Figure 6-2. Calibration of organic nitrogen. 
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Figure 6-3. Calibration of ammonia nitrogen. 
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Figure 6-4 . Calibration of nitrate nitrogen. 
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Figure 6-5. Calibration of ortho phosphorus. 
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Figure 6-6. Calibration of total phosphorus. 
CHL A. 49 
·PPB 
38 
28 
18 
61 
FOURNILE RUH DATA O 
NODEL AUG ---RANCE 
---·-·-
3.8 
KILO"ETERS FROtl "OUTH 
JULY 14-1,, 1981 IHTEHSIUE SURVEY 
Figure 6-7. Calibra tion of chlorophyll 'a'. 
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Figure 6-8. Calibration of CBODu. 
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Figure 6-9. Calibration of dissolved oxygen. 
C 
4·-
0 
·-·--- __ .o-~-----·---·-
::::::.~-:::.9::.:::::.::::...---------"'-----------0 
--o.:; 
FQUHNILE R\JN DAiA G 
OP.G N 4-
J.IG/L 
0 
0 I I 
·-0.5 
l<l OLlEi. RANGE 
.•' ... 
·' ' · ...... 
-·-------- ........ 
,'6 0/\ ....  
/ / \ · ......... 
:.:::o.--,_.8::::~·--------------· \ ____ _ 
·- ----· 
I I I I! 
- 0.0 
I I ll II I I 
O.!l 1.0 
! I I I I I I It t I ( 
1 .5 2:0 2 .5 
iCLOl,IET"..:Rs F?.Of.l hlOUTH 
jlJLY 14-15. 1981 IN7ENSM:: 
0 
Figure 6-10. 
I I 
:i.o 
FOUFWILE RUN DATA G 
ORG N 4-
f.lG/L 
-0.5 - 0 .0 
i 
·'° 
0 
0.5 
I..IODEL RANGE 
,; --•-' 
_.,, 
.... ,,,,,.. 
,,,... 
__ .. -.. ------" 
0 
' /o 
,/"'---... .. , ! 
-------- ··----"' 
, .o 1 .5 2.0 2.5 
KILOIJE!tRS FROM t,IOUTH 
JULY 1. 1981 SLACKW/1.TER 
FOUFWILE RUN DATA 0 
ORG N 4-
f.lG/L 
2 
C 
- 0 .5 
I..IODEL RANGE 
~--·-----a_ .. ___ _.._ .. _-; 
,. .. , ·'"':: .,/ " 
_ ...... <6 0 -·· _.,. / 
·------------ ·-·-·---· '---·-··-
-o.o 0.5 1 .0 1.5 
KILOf.lET(RS FROf.l 1,!0UlH 
JULY 28. ·t 981 SlACKWATER 
2.0 2 .5 
Verification of organic nitrogen. 
:l.O 
:i.o 
r 
FOURl,liLE RUl-i CIATA G 
ORG N 4-
1.!G/L 
:, 
C 
I) ( ( 
--0.5 
"ooa RANGE 
l { I l I I (III! ( l I! I ( l l I l \ l ! I I\ l 
-o.a 0.5 , .o 1.5 2.0 2.5 
KILOIJETERS FR.OU t,IOi.JTH 
AUG 10. 1981 SLALl<WATER 
'I 
3.0 
Figure 6-10. 
ORG N 4 
I.IG/L 
2 
FOURNIU:'. RUN OAlA G 
"OOEl. RANGE 
/ 
. .,. .. .,,,.. .. .,,. ... 
I 
I 
/ " ,. 
·-- 0 - --- / 0 
... __ ~Q .. -:.a...-1,,!'.._ .. - ... -- - ... --~-----
-0.5 -o.o 
Continued 
0.5 ,.o 1.5 
t<1LO!Jl""TERS FROM MOUTH 
SEPT 9. 1981 SLACl\"WAlER 
2.0 2.5 3.0 
:m4 10.0 ·-
7.':> 
5.0 
i .:; 
o.o 
· ·0.5 
i\ 
/ \ 
0 
I 
' I 
,l ,/\ 
/ _, ., \ 
·"' ---------
_.,....-.,,,. , -~ \ 
-o.o O.:l 1.0 
1 
\ 
\ 
\ 
2.u 
0 
\ 
'· 
Z.5 
FOURNILE RUN DATA o 
NH4 10.0 · 
MG/L 
7.5 
5.0 
2.5 
--0.5 -0.0 
1,j"QDEi.. RANGE 
1 .5 
KILOMETERS FROM NOUTH 
jlA.._Y 14-1 5 . 1981 ii'ITENSM: 
Figure 6-11. 
::1.0 
::..o 
FCUfWILE RUN Oo\TA o 
NH4 10.0 
MG/L 
7.5 
5.il 
2.5 
o.o 
-0.5 -0.0 
IJODEL RANGE 
0.5 1.0 1.5 
KiLOMCTERS FROM l,IOUlH 
JULY 1, 1981 SLACKWi\TER 
2.0 2.5 
FOURNILE RUN DAlA o 
NH4 10.0 -
I.IG/L 
7.5 
5.il 
2.5 
0 
0.0 I I 
·-0.5 
l,IODEL RANGE 
o ,, 
/, 
~,.....,...- \ 
__ ,..---- \ 
/ \ 
/ \ 
/-
, \ 
.J ___ .... .., 
.-- ', 
_,,.-·--- 0 ' 
,.J,/ 0 --- .. - ·---------\l ' 
' r-1 r:~-11 ,o I I I I I I I I I (II I I I I I I ( I 
-0.0 0.5 1 .0 1 .5 2.0 2.5 
KILOMETERS FROM l,IOUTH 
JULY 28. 1981 Sl.ACKWATER 
Verification of ammonia nitrogen. 
I I 
J.O 
NH4 10.0 
UGiL 
7.5 
S.i> 
2.5 
rOUIWll...t RU!~ 
·-0.5 ·-0.0 
DATA G 
IJOOEl. RANGE 
-.- .. -·-4_,,.,_, .... __ ·-... _ 
/
, ..... , ......... 
/ ·--. '·, 0 
.-
.. - ... - 0 - - - .. 4-.. ........ ' 
·, 
0.5 LO 1.5 2.0 
KiLOI.IErt:RS nou hlOUlH 
AUC 10. 1981 SLACKWATER 
F i gure 6-11. 
r\JURhlll.E RUN DATA 
NH4 10.0 -
IJG/L 
7.5 
5.0 
2.5 
-0.5 
Continued 
-0.0 
MODEL RANGE 
0.5 ,.o 1.5 
KlLOMmRS FROM lllOUHl 
SEPT 9. 1981 SUI.CKWA1ER 
2.0 
0 
2.5 :}.0 
llA71, 0 
UOXI. P./oliGE 
1400 iO.ll 
110/1. 
7.~ 
s.o 
2.5 
C, 
o.o 
-0.~ 
rouP.Nil.t RUN DATA o 
1,!000. RANGE 
N03 10.0 ·-
MG/L 
7.S 
5.0 
2.S 
0 
0.0 ...... ~,~( ..... ,-,~, ...,.1-i~ ..... , ~,r"T"'( ~1...,.!r"T"'[ ~, ..... ,--.-, ~, ..... 1-r-1 ~,...,.--.-.,....,,-,~...-,,r"T"'! ~1-,-r-ri...,.1 
-0.5 --o.o 0.5 1 ,(} 1 .5 2.0 2.5 3.0 
jlJLY 14--15 . 1981 ITfflJ,SM: 
FOURNILE RUN DATA 6 
1,100El. RANGE 
N03 10.0 
MG/L 
7.'S 
5.0 
2.5 
0 
0.0 
--0.5 -0.(J 0.5 LO LS 2,0 
KILOl,IETERS FROM MOUTH 
jlJLY 1. 1981 SLACKWATER 
FOUIWILE RUN DATA o 
Nro 10.0 -
I.IGiL 
7.5 
5.0 
2.5 
1,100El. RANGE 
0 
__ .......... , 
,,.# ___ __ ... - .. , .. 
,,.- ' 
.. - .. ------ 0 .. , .. 
.. --~-o------·------- --·---, ......... _ 
2.5 3.0 
0 
"---~----- ... -.. _ 0. 0 · -t-T'"'T.,-,-,-.,-,..-.-,-,-.,..-,-.--,--,-.--,-,-,.--,-,...,.,..,-,--,-.,....,-,-~-,-~~ 
·-0.5 -0.0 0.5 1.0 1.5 
KILOMETERS FROM MOUTH 
JULY 28. 1981 SlACKWATER 
2.0 2.S 3.0 
Figure 6-12. Verification of nitrate+ nitrite nitrogen. 
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Figure 6-15. Verification of chlorophyll 'a'. 
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Figure 6-18. Time-series verification of organic nitrogen. 
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nitrogen. 
128 
P04 
flGl'L 
83 
DATA AUG 0 
NODEL AUG --------
\ 
ldSI 
0 
1.2, 
1.11-,..-,--..,..--,.....-..,--T-,--,.-,---,...-...-...--
28 41 ,e 88 1 
DAYS FRON JUNE 1 
FOURNILE RUN 1981 SEASONAL SINULATION 
Figure 6-21. Time-series verification of ortho phosphorus. 
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Figure 6-23. Time-series verification of chlorophyll 'a'. 
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CHAPTER VII. ANALYSIS OF MODEL ACCURACY 
Traditional assessments of model accuracy, the agreement between 
predictions and observations, are usually qualitative and dependent upon 
the viewpoint and experience of the assessor. In order to form a . basis 
for the comparison of different models and to render the evaluation of 
models less subjective, quantitative assessments of model accuracy are 
desired as well. 
No single measure or set of measures is universally applicable in 
evaluating model accuracy. The selection of appropriate measures is 
dependent upon the nature of the model predictions and upon the quantity 
and quality of the observations. For this study, three measures are 
reported: the root-mean-square (RMS) error, the average error (E), and 
the percent successes. 
The RMS error is defined 
RMS= ~--=-l-~:!~=-~!~~~1/2 
in which 
Pi= ith prediction 
Oi = ith observation 
n = number of observations 
(7-1) 
The RMS error is a measure of the absolute difference between 
predictions and observations. A large RMS error indicates the model is 
not accurately reproducing the observations but does not distinguish 
between predictions which are consistently high, predictions which are 
consistently low, or predictions which are centrally located within 
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a a. us, widely scattered d t Th a second measure, the average error, is 
desirable. 
The average error is defined 
(7-2) 
E = 
An average error which is large and positive indicates the model 
overpredicts the observations. An average error which is large and 
negative indicates the model underpredicts the observations. An average 
error which is near zero indicates the model closely reproduces the 
observations in an average sense although the data may be widel y 
scattered. 
The slackwater data is not suitable for a rigorous quantitative 
comparison with model results. The data is scanty, and subject to 
observational error. That is, data may have been collected one to two 
hours prior to or subsequent to slackwater. In view of the large 
intratidal variations in some substances, this data is not directly 
comparable to model predictions at slackwater. Therefore, a non-
parametric statistic, 'percent successes', is defined and used in 
evaluating the accuracy of the slackwater predictions. 
location encompasses the observed concentration at that location, the 
If the predicted daily range in substance concentration at a 
prediction is deemed 'successful'. If the observation is outside the 
predicted range, the prediction is 'high' or 'low'. Percent successes 
are based on comparisons of predictions and observations at Stations 2 
to Sand are reported for each survey and the total of all surveys. 
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A. Accuracy of the July, 1981, Calibration 
The accuracy of the calibration is evaluated through comparison of 
the daily-mean observations and predictions at each station for each 
parameter. Differences between the predicted and observed means are then 
used to compute embayment-wide RMS and average errors for each 
parameter, as presented in Table 7-1. 
B. Accuracy of the June to Septembe ~, 1981, Verification 
The accuracy of the verification is evaluated via the 
aforementioned method of computing percent successes. Results are 
presented in Table 7-2. 
91 
Table 7-1. Accuracy of July, 1981, Calibration 
Station 2 3 4 5 RMS Average 
Error Error 
Org N Co) o.so 0.95 1.16 o.s2 
(p) 0.40 0.79 1.15 0.47 0.10 -0.08 
NH4 (o) 0.6S 3.69 5.66 2.34 
(p) 2.01 4.18 5.47 1.04 0.98 0.09 
N03 Co) 1.39 2.07 2.59 1.08 
(p) 1.56 2.09 2.48 1.07 0.10 0.02 
P04 (o) 0.13 0.71 1.01 0.03 
(p) 0.39 0.87 1.20 0.23 0.21 0.20 
Tot P (o) 0.12 0.73 1.04 0.09 
(p) 0.41 0.89 1.24 0.28 0.22 0.21 
Chl'a' (o) 11.3 8.2 4.1 2.5 
(p) 11.8 6.6 2.7 1.1 1.3 -1.0 
CBODu (o) 3.83 4.51 5.59 3.71 
(p) 2.23 4.92 8.50 2.25 1.82 0.07 
DO (o) 7.26 6.24 S.80 7.68 
(p) 6.58 6.15 6.33 7.27 0.48 -0.16 
All concentrations in mg/1 except chlorophyll 
, a, in ~tgm/1 
0 = observed mean 
p = predicted mean 
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Table 7-2. Accuracy of Seasonal Verification 
Survey June July July July August Sept. Total 
15 1 14-15 28 10 9 
Org N s 50 50 75 75 50 25 54 
H 0 25 0 25 0 25 13 
L 50 25 25 0 50 50 33 
NH4 s 50 75 50 25 0 25 38 
H 25 25 25 25 75 75 42 
L 25 0 25 50 25 0 20 
N03 s 50 50 100 50 0 25 46 
H 25 25 0 0 75 75 33 
L 25 25 0 50 25 0 21 
P04 s 50 50 50 75 0 50 46 
H 50 25 50 25 100 50 50 
L 0 25 0 0 0 0 4 
Tot P s 75 25 50 50 0 50 42 
H 25 75 50 50 100 50 
58 
L 0 0 0 0 0 0 
0 
Chl a s 75 100 75 75 25 
0 58 
H 0 0 0 0 0 0 
0 
L 25 0 25 25 75 100 
42 
CBODu s 75 25 25 25 50 50 42 
H 0 0 25 0 0 25 
8 
L 25 75 50 75 50 25 
50 
DO s 0 50 75 75 25 50 
46 
H 75 25 0 0 50 
50 33 
L 25 25 25 25 25 0 
21 
s = Percent Successes 
H = Percent High 
L = Percent Low 
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Chapter VIII. Sensitivity Analysis 
Sensitivity analysis is the process in which the effects on model 
predictions of alterations in calibration or input parameters are 
examined. The analysis herein is largely directed toward examining the 
sensitivity of the model to alterations in the values of calibration 
parameters for which the magnitudes are only approximately known or 
which vary in an unpredictable manner in the natural system. 
The sensitivity analysis is conducted by specifying a standard 
set of model predictions based on the ambient conditions and calibration 
parameters of the July, 1981, simulation. In successive model runs, a 
calibration parameter. is altered and the resulting predictions are 
compared to the calibration results. Unless otherwise noted, results 
are presented as longitudinal plots of daily-average water- quality 
constituents. 
Parameters towards which the sensitivity of the model is tested 
include 
algal growth rate 
light extinction 
background chlorophyll concentration 
settling rates 
benthic nutrient release 
sediment oxygen demand 
decay rate of CBOD 
nitrification rate of ammonium 
A. Algal Growth Rate 
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The model employs a base algal growth rate, Kgr, which is varied 
in a deterministic manner as a function of temperature and the 
availability of light and nutrients. The sensitivity of model results 
to the evaluation of the base rate and to natural fluctuations about the 
base is examined in a pair of runs in which the algal growth rate is 
altered by plus or minus ten percent. The effects on the predicted 
chlorophyll concentration are presented in Figure 8-1. It can be seen 
that the ten-percent alteration in growth rate produces 2 to 3 µgm/1 
change in chlorophyll concentration in the lower kilometer of the run. 
Upstream~ the change is less than 1 µgm/1. The implication of this 
sensitivity analysis is that small changes in the base growth rate of 
the algal population are unlikely to produce large deviations from model 
prediction. 
B. Light Extinction 
a function of the rate of light extinction in the water column. The 
Algal growth is dependent upon the availability of light which is 
magnitude of light extinction in Fourmile Run is only approximately 
known and is variable in space and time due to the influences of wind 
mixing, storm runoff and other processes which increase or decrease 
water-column turbidity. 
Two sensitivity analyses are directed towards light extinction. 
In the first, the assumption of shading from highway and railroad 
overpasses on model segments 16 to 19 is examined. Light extinction in 
these segments is reduced from the calibration values to magnitudes 
representative of the adjacent, unshaded segments (Table 8-1). 
Chlorophyll concentrations predicted in the absence of shading are 
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compared to the calibration concentrations in Figure 8-2. It can be 
seen that the assumed shading has little effect on chlorophyll 
predictions. Either ambient light extinction is sufficient to suppress 
algal growth in the absence of shading or else some other factor is 
limiting algal growth in kilometers 1.0 to 1.5. Nevertheless. overpass 
shading is maintained in the model since it may become significant if 
ambient conditions are altered. 
In the second analysis, the rate of light extinction throughout 
the system is examined in two model runs in which light extinction is 
set to the approximate maximum and minimum observed values (Table 8-1). 
Overpass shading is maintained in both runs. Results are presented in 
Figure 8-3. 
It can be seen that reducing light extinction doubles the 
chlorophyll concentration throughout the Run. Concentrations in the 
upper 1.5 km remain low, however, suggesting that light extinction alone 
cannot account for the discrepancies in predictions and observations 
noted on August 10 and September 9. 
Increasing light extinction has less effect on model results than 
decreasing extinction. This result suggests that the algal population 
of Fourmile Run is typically in a light-limited growth situation. 
C. Background Chlorophyll Concentration 
Due to lack of agreement between the nonpoint-source mode l 
predictions and observations, a constant chlorophyll concentration of 1 
µgm/1 has been employed as the background concentration in the 
freeflowing stram. This value was selected as typical of the 
observations which ranged from 0.5 to 6 µgm/1. 
96 
In order to test the sensitivity of model results to the 
background concentration employed, a model run is performed in which 
background concentration is set to 10 µgm/1, a value in excess of any 
observed. Results are shown in Figure 8-4. 
It is noted that predicted chlorophyll concentrations are 
sensitive to the background concentration. Upstream of the STP (km 
1.7), predicted concentrations increase to approximately the specified 
background value. Below the STP, the increase is less but still 
significant. These results, and the results of previous analyses, 
indicate that accurate modelling of chlorophyll concentration requires 
precise specification of both background concentration and light 
extinction. 
D. Settling Rates 
The model is calibrated based on settling rates, 0.25 to 1.5 
m/day, which are larger than conventional values. To demonstrate the 
necessity of the values employed, the intensive-survey observations of 
organic nitrogen, nitrate + nitrite nitrogen, total phosphorus, 
chlorophyll, and CB0Du are compared to model predictions obtained with 
conventional settling rates of 0.1 m/day for all substances. Results 
are shown in Figures 8-5 to 8-9. 
It can be seen that in the absence of high settling rates, 
predicted mean concentrations of all substances rise above the observed 
mean concentrations. There are no reasonable kinetic coefficients which 
will bring predictions of organic nitrogen (Fig. 8-5) and CBODu (8-9) 
into agreement with observations. Rapid settling is the only process 
available to reduce total phosphorus (Fig. 8-7). Recalibration of 
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chlorophyll (Figure 8-8), based on conventional settling, would require 
adjustment of the base growth rate or of light extinction. Nitrate+ 
nitrite predictions (Fig. 8-6) can be brought into agreement with 
observations only by virtually eliminating nitrifi cation. The 
conclusion is that the employment of high settling rates provides 
optimal calibration while allowing other calibration parameters to 
remain at reasonable magnitudes. 
E. Benthic Ammonium Release 
Benthic nutrient fluxes are variable and difficult to evaluate. 
Based on measurements, a net release of 0.02S gm/m
2
/day ammonium has 
been employed in segments 12 to 26 of the model. The sensitivity of 
model results to this release is examined in model runs in which the 
release is alternately increased and decreased by fifty percent. 
Results are presented in Figure 8-10. 
It can be seen that the ammonium release has virtually no effect 
on predicted ammonium concentration. The release is included in the 
model for the sake of completeness only. 
F. Sediment Oxygen Demand 
As with the other benthic fluxes, sediment oxygen demand (SOD) is 
2 SOD of 1.S gm/m /day throughout the 
variable and difficult to measure. 
Run has been employed in the model. Sensitivity to this SOD is tested 
in model runs in which SOD is altered by plus-or-minus fifty percent. 
Results are shown in Figure 8-11 in which it can be seen that the fifty-
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percent change in SOD produces le th /1 ss an one mg change in daily-
average dissolved oxygen. Thus the DO predictions are not sensitive to 
the specification of SOD. 
G. CBOD Decay Rate 
The CBOD decay rate, Kc= 0.15/day, is obtained through 
calibration of model results to observations and has a large degree of 
uncertainty associated with it. The sensitivity of the model to the 
decay rate employed is tested in sensitivity runs in which Kc is varied 
by plus-or-minus O 05/d • ay. The effects on CBOD and dissolved oxygen are 
shown in Figure 8-12. The alterations in decay rate produce negligible 
change in predicted CBOD and less than 0.5 mg/1 change in predicted DO. 
Thus, model results are not sensitive to specification of the CBOD decay 
rate. 
H. Ammonium Nitrification Rate 
As with the CBOD decay rate, the nitrification rate, Kn23 = 0.1 
mg/1/day, is subject to uncertainty. The sensitivity of the model to 
the nitrification rate employed is tested in sensitivity runs in which 
Kn23 is varied by plus-or-minus 0.05/day. The effects on ammonium and 
dissolved oxygen are shown in Figure 8-13. It can be seen that the 
fifty-percent change in the nitrification rate produces only negligible 
changes in predicted daily-average ammonium and dissolved oxygen 
concentrations indicating that specification of the nitrification rate 
is not crucial to the model results. 
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Table 8-1. Light-Extinction Sensitivity Values 
Model Calibration No Maximum Minimum 
Segment Shading 
I/meter I/meter !/meter I/meter 
7 2.8 2.8 4.0 1.5 
8 " " " 
II 
9 II II 
II II 
10 II II 
II II 
11 " 
II II 
II 
12 " 
II II II 
13 II II 
II II 
14 II II 
II II 
15 II II 
II II 
16 6.0 II 6.0 6.0 
17 II II 
II II 
18 " 3.8 
II II 
19 II II 
II II 
20 3.8 II 
II 2.5 
21 II II 
II 
" 
22 " 
II II 
II 
23 II II 
II II 
24 2.8 2.8 4.0 2.0 
25 II II 
II II 
26 II II 
II II 
CHL A 
PPB · 
II 
FOURl'llLE RUH 
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Run 1 Kgr = 2.0/day 
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Run 3 Kgr = 1. 8/ day 
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SEHSITIUITV ANALYSIS 
Figure 8-1. Sensitivity analysis of algal growth rate, 
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Figure 8-2. Sensitivity analysis of overpass shading. 
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Figure 8-3. Sensitivity analysis of light extinction. 
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Figure 8-4. Sensitivity analysis of background chlorophyll 
concentration. 
3.8 
ORCi H 
"Ci"L 
3 
2 
FOURNILE RUN 
- -
104 
DATA 0 
NOOEL AUG ---RANGE 
---
-~ 
8 .S 1.8 1.S 2.8 
KILOIIETERS FRON NOUTH 
JULY 14-IS, 1981 INTENSIVE SURUEV 
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Figure 8-6. Sensitivity analysis of nitrate nitrogen settling 
rate. 
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Figure 8-7. Sensitivity analysis of phosphorus settling rate. 
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Figure 8-8. Sensitivity analysis of algal settling rate. 
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Figure 8-9. Sensitivity analysis of CBOD settling rate. 
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Figure 8-10. Sensitivity anal ysis of benthic ammonium release. 
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Figure 8-11 . Sensitivity Analysis of Sediment Oxygen Demand. 
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Figure 8-12. Sensitivity Analysis to CBOD Oxidation Rate, 
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Figure 8-13. Sensitivity Analysis to Nitrification Rate. 
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CHAPTER IX, DISCUSSION 
This chapter is devoted to an overview of water-quality conditions 
observed in Fourmile Run during the 1981 and 1982 survey periods, to a 
review of the model application, and to some suggestions for it s use. 
A, Observed Nitrogen Distributions 
1) Organic Nitrogen - Organic nitrogen concentrations in Fourmile 
Run ranged from less than 0,1 to approximately 2 mg/1, The primary 
source of organic nitrogen to the system during the study period was the 
Arlington STP which discharged an average of 128 kg/day organic 
nitrogen, By contrast, observed background flows of organic nitrogen 
were less than 5 kg/day although storm-generated loads in excess of 250 
kg/day were indicated to occur by the nonpoint-source prediction model, 
Due to the STP loading, peak organic nitrogen concentrations were 
observed opposite the outfall at approximately km 1.6. Calibration of 
the model indicates that a large fraction of the discharged organic 
nitrogen settled rapidly to the bottom of Fourmile Run. 
2) Ammonia Nitrogen - Ammonia nitrogen concentrations in Fourmile 
Run ranged from O .1 to approximately 10 mg/1. The primary source of 
ammonium to the system was the STP which discharged an average of 708 
kg/day, This value is far larger than either the predicted or observed 
background inputs which indicated a maximum loading of 110 kg/day 
ammonium to the system and which were typically less than 2 kg/day. 
As with organic nitrogen, peak ammonium concentration s occur 
opposite the STP outfall. Measurements indicate some regeneration of 
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ammonium from the sediments occurs, but model sensitivity analysis 
indicates the quantity regenerated is negligible. 
3) Nitrate+ Nitrite Nitrogen - Nitrate+ nitrite concentrations 
in Fourmile Run generally ranged from 1 to 7 mg/I. The STP was the 
principal source of nitrate+ nitrite to the system and discharged an 
average of 422 kg/day during the study period. Predicted maximum 
background loads were approximately 250 kg/day and typical observed 
background loads were less than 10 kg/day. 
As with the other nitrogenous substances, peak nitrate + nitrite 
concentrations occurred opposite the STP. Measurements and model 
calibration indicate significant loss of nitrate+ nitrite to the bottom 
sediment s, most likely through the process of denitrification. 
B. Observed Phosphorus Distributions 
Total phosphorus concentrations in Fourmile Run ranged from less 
than 0.1 mg/1 to more than 1 mg/I. Based on the observations in the 
intensive surveys, 80% or more of the total phosphorus was in mineral 
form. The STP was the primary source of phosphorus to the system and 
discharged an average of 156 kg/day during the survey period. The 
nonpoint-source model indicates the STP loads can be equalled by storm-
generated background loads but typical observed background loads were 
less than 1 kg/day. 
Peak phosphorus concentrations usually occur opposite the STP 
outfall. Measurements and model calibration indicate loss of phosphorus 
to the sediments in the lower portion of Fourmile Run. The most likely 
process accounting for this loss is sorption of ortho phosphorus to t he 
sediments. 
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C. Observed Chlorophyll Distributions 
Daily-average chlorophyll concentrations during the intensive 
survey of Fourmile Run were 11 pgm/1 or less. Maximum chlorophyll 
concentrations generally occurred at Station 2, indicating the influence 
of the Potomac boundary and of the hydraulic conditions and light 
extinction in the broad embayment. Chlorophyll generally declined 
upstream of the embayment due to increased light extinction and the 
flushing effect of the STP flow. On occasion, however, concentrations 
in the range 10 to 20 pgm/1 were observed adjacent to the STP. 
indicating that the trend of chlorophyll to decline upstream of the 
broad embayment can be countered in the presence of suitable light 
extinction and background chlorophyll concentration. 
D. Observed CBOD Distributions 
Ultimate carbonaceous biochemical oxygen demand in Fourmile Run 
ranged widely between O and 20 mg/I reflecting both the natural 
variability of the system and the imprecise analyses which determine 
this parameter. Daily-mean concentrations in the intensive survey, the 
most reliable observations, were in the 1 to 6 mg/I range and indicated 
a small peak in CBODu opposite the STP outfall. During the study 
period, the STP discharged an average of 1200 kg/day CBODu. This value 
is greater than typical observed background loads of approximately 20 
kg/day but is less than predicted storm-generated background loads in 
excess of 2000 kg/day. 
Model calibration indicates the rapid settling of CBOD in Fourmile 
Run. Using the calibrated settling rate near the STP of 1,5 m/day and a 
typical depth of 1.S m, a first-order loss rate to the sediments of 
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1/day can be calculated. This is more than six-times larger than the 
calibrated oxidation rate of 0.15/day at 20C and indicates the magnitude 
of the loss to the sediments. 
E. Observed Dissolved Oxygen Concentrations 
Daily-mean dissolved oxygen concentrations observed during the 
intensive survey were above 5 mg/1 at all stations as were the majority 
of individual observations collected during the intensive and slackwater 
surveys. Occasional observations between 4 and 5 mg/1 were noted. In 
no case were DO concentrations below 4 mg/1 detected. 
Typically, dissolved oxygen shows a slight sag in Fourmile Run. 
Concentrations are at a maximum at the upper and lower boundaries, and 
at a minimum opposite and below the STP. 
F. The Hydrodynamic Model 
The hydrodynamic model used in this study is a one-dimensional, 
time-variable model based on the principles of conservation of volume, 
mon1entum, and mass. The model provides real-time predictions of surface 
level, current, and transport and dispersion of a conservative 
substance. 
The calibrated model provides near-perfect predictions of tide 
range in the lower 2 km of the Run (Fig. 5-2). Near the upstream limit 
of the study area, observations indicate greater damping of the tide 
than the model predicts. As a result, the model may overestimate tidal 
flushing at the upstream end of the Run. This possible overestimation 
appears to be of little consequence in the computation of the transport 
of dissolved substances, however. 
119 
The verification of current indicates that the velocity predictions 
are more than sufficient for the purpose of this study. Discrepancies 
between predictions and observations are attributable to the collection 
and nature of the observations rather than to shortcomings in the model. 
The ability of the model to predict both intra-tidal and inter-
tidal transport of a conservative substance has been demonstrated. The 
magnitude and phase of dye concentrations observed hourly during two 
tidal cycles subsequent to a dye release have been replicated as well as 
slackwater concentrations observed three, five, and seven tidal cycles 
after the release. Results indicate there may be an overestimation of 
dispersion in the wide embayment at the lower end of Fourmile Run but 
this effect is of minor significance in the computed transport of 
substances which do not show large spatial concentration gradients. 
In view of the capabilities enumerated above, the hydrodynamic 
model is deemed sufficient and suitable for employment as a management 
tool. 
G. The Water Quality Model 
The water-quality model provides one-dimensional, real-time 
predictions of eight water-quality constituents via solution of an 
equation identical to the mass-conservation equation in the hydrodynamic 
model except that appropriate source and sink terms are included. The 
eight water-quality constituents are: 
organic nitrogen 
ammonia nitrogen 
nitrite+nitrate nitrogen 
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organic phosphorus 
ortho phosphorus 
chlorophyll 
CBOD 
, , 
a 
dissolved oxygen 
The water-quality model has been calibrated and verified against 
several independent data sets and in different modes of operation. 
These are 
Calibration of approximately steady-state 
longitudinal distribution of al] constituents. July, 1981, 
intensive survey. 
Verification of long-term predictive ability through 
simulation of intertidally varying longitudinal distributions 
of all constituents. June to September, 1981, slackwater 
surveys. 
The agreement between predictions and observations has been 
reported in both qualitative and quantitative terms. In general, the 
predictive ability of the model is dependent upon the quality and 
quantity of the input data upon which the model run is based. Agreement 
between predictions and observations is dependent upon both the input 
data and the nature and number of observations. Thus, the results of 
the simulations of the intensive survey periods are more satisfactory 
than the results of the seasonal simulation. 
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The water-quality model is deemed suitable for employment as a 
management tool but care should be exercised in its usage and in 
interpretation of model results. 
It has been shown, for example, that chlorophyll in Fourmile Run is 
sensitive to light extinction in the water column and to chlorophyll in 
the background flow. Light extinction and background chlorophyll 
concentration cannot be specified with certainty, however. Therefore it 
is recommended that management runs be performed based on several 
alternate sets of ambient conditions rather than a single set. 
To summarize, chlorophyll concentrations and other water-quality 
conditions in the Potomac embayments are dependent upon naturally-
variable biological processes and random events as well as upon 
deterministic processes such as wasteloading. Models are valid and 
useful tools for the management of water quality within the embayments 
but the model results are partially-dependent upon the assumed values of 
the variable and random processes. Thus, a number of model runs should 
be made based upon alternate scenarios of temperature, light extinction, 
etc., before irrevocable management decisions are made. 
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APPENDIX A. RAW FIELD DATA 
l 
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KEY TO RAW FIELD DATA 
Field 
1- 5 
6-10 
11-15 
16-20 
21-25 
26-30 
31-35 
36-40 
41-45 
46-50 
51-55 
56-60 
61-65 
66-70 
71-75 
76-77 
78-85 
Missing data indicated by 999. 
Parameter 
TKN (mg/1) 
NH4 (mg/1) 
N03 + N02 (mg/1) 
Ortho P (mg/1) 
Total P (mg/1) 
Ch! 'a' (µgm/1) 
CBOD 5 (mg/ 1) 
D.O. (mg/1) 
Temp. (C0 ) 
Disk Visibility (cm) 
Flow (ft3/sec) 
pH 
CBODu (mg/1) 
TOC (mg/1) 
Standard Time (hr:min) 
Station 
Date (day-mo-yr) 
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45. 999. 
999. 999. 
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6 . 7 28.6 
6 .6 23.5 
6.6 
t. C 
•..J • ·' 
7. n 
23.4 
28 .0 
2 7. 5 
7 . 2 27 . 4 
7.0 27.6 
.., C: 
' . .. 
9(B. 
999 . 
999. 
999. 
99g. 
999 . 
919. 
84. 
,, 9 • 
63. 
45. 
60. 
6 () • 
66. 
60. 
999. 
999. 
999. 
999. 
9 99. 
999. 
999. 
999. 
999. 
999. 
999. 
999. 
9 99. 
999. 
g99. 
s . o 
Z1.8 
2 i3 . 0 E-0. 999. 
7.8 
7.8 
999. 
999. 
g99. 
999. 
999. 
999. 
999. 
999. 
999. 
999. 
999. 
8.0 
999. 
9.0 
999. 
9.0 
3.5 
999. 
999. 
999. 
999. 
3.1 
:199. 
999. 
999. 
999 . 
999. 
999. 
999. 
999. 
999. 
999. 
999. 
999. 
9 . ': ~1).0 
7.~ 2'1 . 2 
9 . 5 
7 . ·3 
... -
I • '.:) 
213 .9 
29 .9 
:: f3 . 7 
7 .7 23 .7 
3 . 0 "?0.0 
8 . 7 28.6 
57. 
5 7. 
60. 
54. 
&, 0 . 
,, 0 • 
63. 
999. 
8.19:30Fll4-07-81 
10.20:30Fll4-07-81 
999.21!50F114-07-81 
8.22:51F114-07-81 
999.23:55F114-07-81 
9.00:59F115-07-81 
999.0l:52Fll5-07-81 
9.02:51F115-07-81 
999.03:SOFllS-07-81 
7.04:57F115-07-81 
999.05!54Fll5-07-81 
8.06:53Fl15-07-81 
999.07:42F115-07-81 
16.08:46F115-07-81 
999.09!36F115-07-81 · 
9.10:38Fl15-07 - 81 
999.11:35F115-07-81 
10.l2!33F115-07-81 
999.13:39F115-07-81 
11.14:37F115-07-81 
999.15!35Fl15-07-81 
4.16:37Fl15-07-81 
999.17!33F115-07-81 
8.18:33F115-07-81 
999.l9!36Fl15-07-81 
15.20!40Fl15-07-81 
999. 9'39. 999. 
:199. 9.4 999. 
:1cn. 999. 9'39. 
999 . 8 .9 999. 
g99. 999. 999. 
999. 9.0 999. 
~59. 999. 999. 
9·g9. 999. 999. 
1. 1 0 .5 1.4~ 0 .1 2 0 .1 911 . 02 1 • 2 7 .3 29 . 8 60 . 999. 7. 8 4.8 3.l9!00F214-07-81 
) 3:,, . ; :Vi . '7j 9 . 99:; . 1S:, .1 2 .74 ;99 . 7.2 29 .3 999 . 999. 7.9 999. 999.20!13F214-07-81 
1. j 0 . 3 1.'+o 0 .13 0 . 11 0 . 30 2 • r) 8 . Z 29 .1 999. 99,; . 999 . 999. 10.21!04F214-07-81 
g 9 9 . 9 99 . ,99 . 999 . ;'39.lG . 80 g=;9 . ~ .9 28 .3 999. 999. 999. 999. 999.21!43F214-07-81 
1 . 3 o.a l.46 0.12 0 . 111.{,.5 2. 0 6 .9 29 . 4 999. 9 99. 79 9. 999. ll.22!42F214-07-81 
999 . ; ., g. ,; 9' . 9 9 c;. 9;:;. 3.64 g99. 5.1 2.7 . B 999. 999. 999 . 999. 999.23:47F214-07-81 
~ ~ ~ • L 2 . 7 1 . 73 0 . 35 0 . 4o 3 . 42 1.; 6.4 23 .3 9~9 . g99 . 99 9. e 1 -· .. 10.00!45F215-07-81 
3 99 . 39 9 . 99 9 . ; 9 i . 9-;9. 6.g! ?99. 6 . 3 28.0 999. 999. 999. 999. 999.01!43~215-07-81 
1. 5 t) • 3 1. .. 0 0.13 0 .1 3 .42 2. D 6 .~ 27.8 999 . 999 . 999. 999. 8.02!40F215-07-81 
:n 3. 9 ~9. ·3 9 9 . 999 . s, 3 g . S. 86 ° 99 . t- .6 27.7 999. 999. 939. 999. 999.03!42F215-07-81 
1. 1 0.5 1.44 0 .1 0 0 .1 ·9.7 2 2 . 0 6 .3 27.7 72. 999 . 999 . 999 . 9.04!43~215-07-81 ..... 
6 .2 2s.o 7 2. 999. 999. 999.05:44F215-07-81 N 99 9. ,; ·:n . 99 9. ·; 3 9 . ; 9 9. 7 .Y~ 0 ·:n . 999. ....... 
:1,9. 3;9 . 9 59. 799. 9 c;s. 6 .4 ~ <? S1 . 6.2 27.8 66 . 999. 999. 999. 9.06:42F215-07-81 
1 9 ·9 . 99 9 • 9~0 
- J • 99 9 . 9 'j 9 . 7. 3 4 '?9 , . 6 . ~ 27.7 60. 99'1. 999. 993. 999.07:36F215-07-81 
0 . 7 rJ . 3 1 . 35 0 .1~ 0 .1 9 .2 '°;: 2 . 0 6 .~ 27.6 45. 999. 1:1.0 999. 9.08!36F215-07-81 
999 . 9B. '19 S. 99 ':I . 9 ·; 9. 7.7G ~ 99 . 6 .5 27.2 54. 999. 999. 999. 999.09:30F215- 07-81 
1. 2 0 . 6 1.3 5 0 . 12 0 .11 2 . 96 1. C 7. ~ 27.7 6 0. 999. 9.3 999. 10.l0!31F215-07- 81 
'?=19 . '19 9 . c; 99 . 9 9 -1 . 9~9 . 13 .61 93~ . 7. 4 2 7.7 5 0 . 99~. 999. 999. 99 9 .11!29F215-07-81 
1. 2 0 . 6 1.2 6 0 .12 o . 11 3 .3g 1. 0 7.0 26 . 9 6 0 . 999 . 9 . 0 999. 10.12:27F215-07-81 
393 . ?99 . 9 ~9. 9 9 9 . 9 , ·? .ll. 66 o:n . ,s .::; 27.5 54. 993. 999. 999 . 939.l3!32F21S-07-81 
1. 3 0 . 3 1. 26 0 . 14 0 .1J 6 . 42 l. 0 7 . 5 2 ~.2 S3. 999. ~.s 999 . 9.14!30F215-07-81 
0 . 6 0 .1 1. 2 3 0 . 05 0 .114.4 7 z. o 9 . •'.) 2 8 .3 6 0. 999. 999. 999. 999.l5!29F2 15-07-81 
jg ·:.i . 9'B . 939 . 999 . 99-l .17.71 ~99 . 1 .5 23.8 "' 0. ·3 9 9 • 9 9 9 • 9 9 9 • 9.l6!29F215-07 - 81 
9 ·9 9 . 9 9 c, . 999 . -, 9 9 . 99 9 .1 3 . 18 ?<,9 . ? .1 2 8 .5 54. 999. 999. 999. 999.17:28F215-07-81 
0 . 7 0 .2 1.3!+ 0 . 0 7 J .ll-+. S9 2 . 0 8 .9 2 8.9 50 . 9 99. 9.4 999. 8.l8!25F215-07 - 81 
9~ ·3- ~B. 9 :19 . 9 g ':1 . 9·::1 9 .14.47 .:: ~ ::: . 3 . 3 30. 0 60 . 9 99. 999. 999. 999.l9!30F215-07-81 
0 . 9 ,j . 3 1.23 0 . 09 J .llo.4 2 2 . 0 9 .3 2 3.6 9~9. 999. 999. 999 . 8.20:34F215-07-81 
2.0 
9 9'1. 
:,- 'J 
. -
1.1 1.57 J. 2 1 
999. ·;s,;. , :l 'L 
5. IJ 2.1 2 0. 6 0 
99 9 . 99~. 999. 3 9S . 
3 . 3 7 .5 2 .75 1. 90 
999 . 99 9 . 99 9. 999 . 
9 .5 7. 5 2 . 7J 1.7 ( 
9~·9 . 99 9 . 
2 . 6 
:,99 . 
1 C . -
999 . 
93 9 . 
1. 6:? 
=i ; 3 . 
3 9 '] . 
0 . 3 1 
9 9 c; . 
2 . 1 1. 4 1.57 0 . 2 1 
9~9 . 999 . ;9; . S9~ . 
1. 4 1 . 0 1.~7 0 . 12 
;99 . i99 . 999 . <;-<;-; . 
2 . 1 1 . 3 1 .3 8 0 . 22 
399 . 9i9 . 91 9. 999 . 
5 . 7 5 .3 2 . 97 1. 3 
a93 . 9 3 9 . 999 . 999 . 
8 . 7 7 . 5 3 .1 5 1. 4 
999 . 93 9. 999 . 993 . 
9 . 3 ~ - 0 3 . 24 1 . 1 
9;; . 999 . 999 . 999 . 
3 . 2 2 . 2 1 . e1 o . 41 
999 . S~9 . 9S9 . 99 ; . 
1. 4 0 . 6 1. 25 0 . 14 
999 . 939 . 9)9 . 99?. 
2 . 1 1. 3 1 • t. q r, ? :; .... . -.... 
1.).2814.04 
=199. 9.72 
0.6 
99 ·3. 
1. '1 
5.62 
1. 32 
0. 7? 
399 . 1.23 
1. ; 0 .7 6 
; 9 9. 
tj . 3 
9 ·:,9 . 
0 . 2 
9 9 ~. 
G.l 
-n~ . 
,j . 2 
;;9 . 
1. 3 
1. 8 4 
5 .21 
3 .21 
8 .64 
9 .3 0 
':) ;;; '".l 
., • >J • 
9 . 50 
7. 5 C, 
3 . 29 
9'JS . 
q9; . 1. 4 7 
1. 4 o .7 -6 
9 9 ; . 1 .3 8 
1. 2 1. 2 ; 
9s,q . 14 . 4 7 
0 . 5 9 . -;4 
999 .1 9 . ~7 
0 . 222 . 03 
909 . 1~ . 35 
0 .31 7 . 28 
1. 9 
99 q. 
3. ~ 
t'.? 9 3. 
., ,.. 
'- • •.J 
9 9q . 
1 .., 
.&. • .:> 
qg~ . 
' 1 ... , ~ . .., 
q 99 . 
2. G 
9 ~ 9 . 
2 . j 
93q . 
1. !) 
9'19 . 
1. (l 
'? 9 Q . 
1. 0 
9-? 9 . 
1. r, 
9 9c; . 
3 . 0 
~ ·;.:) . 
1 • t') 
9c9 . 
2 . () 
7.4 29.0 so. 
7.2 23.5 999. 
4.f, 27.9 999. 
4.7 27.2 999. 
5.0 2-S.B 999. 
5.3 2.6.7 9~9. 
5. 2 2 6.3 999. 
5 .7 2 5.9 
5 . 0 2 7.4 
6 .2 27. 6 
5. 9 27.5 
- r :, . :: 
5. ·-3 
~ . 1 
6 . 1 
5. '3 
C -, 
, . .. 
5 .~ 
5 . 4 
~ i:: ;, . ~ 
5 . 6 
5 .7 
6 . ~ 
9 . 4 
2 7.2 
2 7.2 
2 5. 3 
21.0 
2 6 .a 
26 .5 
2 6 .7 
26 .7 
2 7. 1 
28.0 
2 g. 0 
2 1. 3 
2 7. 8 
9 .4 2 3.4 
3 . 9 23 .3 
S.3 27 . 6 
999. 
999. 
9 19 . 
999. 
57. 
6 3. 
1 2. 
4 5. 
4 5. 
! 4. 
15. 
4 5. 
36 . 
so . 
? 6 . 
54. 
54. 
5 7. 
5 7 • 
4 5. 
999. 
'399. 
999. 
199. 
999. 
999. 
999. 
7.8 8.2 
7.8 999. 
999. 999 • 
999. 999. 
999. 999. 
999. 999. 
999. 9.7 
999. 999. 999. 
999. 999. 999. 
999. 9 99. 999. 
99 9 . 999. 939. 
939. 999. 999. 
999. 999. 999. 
999. 
999. 
999. 
999. 
999. 
999. 
999. 
9 9 9 . 
99 9. 
9 9 S . 
9 9 c;. 
999. 
99 9. 
9 99. 
9 99. 999. 
8.0 999. 
999. 999. 
7.5 999. 
99 9 . 999. 
7.6 999. 
999. 999. 
a.o 999. 
9 99. 999. 
8.7 999. 
9 99. 999. 
9.5 999. 
999. 999. 
999. 999. 
11.18:28F314-07-81 
999.19:55F314-07-81 
12.20!53F314-07-81 
999.21:29F314-07-81 
16.22:31F314-07-81 
999.23:33F314-07-81 
15.00!32F315-07-81 
999.0l:35F315-07-81 
10.02!32F315-07-81 
999.03:30F315-07-81 
10.04:30F315-07-81 
999.05!32F315-07-81 
9.06!27F315-07-81 
999.07!30F315-07-81 
10.08!30F315-07-81 
999.09!26F315-07-81 
ll.10:25F315-07-81 
939.l l :23F315-07-81 
ll.1 2 :21F315-07-81 
999.13!27F315-07-81 
12.1 4 :24F315-07-81 
999.15:25F315-07-81 
1 2 .16:24F315-07-81 
999.17:25~315-07-81 
9.18:20~315-07-81 
999.19!24F315-07-81 
ll. 20:27F315-07-81 
..... 
N 
Cl 
r 
. "' o., 5.0 2.12 0.10 G . 7 S.40 3.4 4.~ 27.6 40. 999. 9.2 9.8 14.18:25F414-07-81 
999. ':d,. 999. 9 9:,. 999. l.68 '399 . 4.7 27.7 999. 999. 7.4 99 9. 999.l9!25F414-07-81 
9.4 7.: 2.94 1. 90 1. s 9 ·~·~. 1. 0 5.3 2 6. 4 999. 999. 7.3 999. 15.20!20F414-07-81 
999. 999. ~99. 999. 999 . 0.69 o,; g • ;.1 26.6 999. 999. 1.2 999. 999.21:2QF414-07-81 
9.0 7. 5 2 • 61) 1. 4".l 1.4 1. 3 8 4.G 6.0 26.4 99-~. 999. 7.3 999. 15.22!18F414-07-81 
·199 . ;:;9. 999 . -;9'j. g:;., . 1. 25 9q9 . 6 .1 25.7 999. 999. 7.3 999. 999.23:ZOF414-07-81 
9.5 - r: { . , 3.00 1.50 • r: .L • ~ 1.45 ~.7 5.9 zs.s 9 99. :,9 9. 7.3 14.9 13.00!30F415-07-81 
·-19 9. 9 9 9. 939. 999. 9~9. 1. 0 3 99;. 5.7 25.0 999. :n9. 7.3 999. 999.01!20F415 - 07-81 
9.0 7.5 2 . ::rn 1. l ·j 1 • 1 1. 0 l. 3. {'\ 5.7 25.1 9q9. 999. 7.5 999. 10.02!30F415-07-81 
'3-99. ,; 9 9 . 999 . 9 9 '1 . 999. 5 • 1 £< 99~. 5.7 25.3 999. 999. 7.5 999. 999.03!20F415-07-81 I--' N 
2.4 2 . () 1.69 0.32 0.3 I ~? 1. lj :: 0 2 S. 1 999. 999. 7.6 999. 9.04!20F415-07-81 '° ..... . - '- .,.; • •..J 
9 en. 'j 9 9. 9Ci9 . 999. 999. & • 4: :i 9 9. 5.6 26.2 999. 999. 9.3 999. 999.05:20F415-07-81 
2 .4 1. 7 1. 50 0.25 C, ? 7.56 1. J ~ C: 26.0 100. 999. 8.7 999. 10.06!20F415-07-S1 . - :, . , 
:;=n. 139. 999. '1 3 ·3 . c. ·:n. 9.2.:i •:q9 . S.4 26.5 110. 39<;. 9.2 999. 999.Q7:20F415-07-81 
6.1 : • 1 3.2~ 1. 50 1 • 5 ,S.2f; 1.0 5.1 26.3 70. 999. g.o 9':39. 1s.oa:20F41s-01-a1 
; 9 '1. 9n. :I~ 9. ·-; 9 'j . ,; ~n. z.2= 99 '?. 5.0 25.5 40. 999. 8.7 999. 999.09:20F415-07-81 
a.j 1 . s 3 .4 2 1. so 1. t. 1.08 1. 0 5.0 25.5 ~o. ·339. 7.5 999. 14.10:20F415-07-81 
9:H. 999. 9 ~ 3 . "199. ~93 .1 3.Sl Q99. 5.2 ?. 7. 9 l. 0. 999. 7.7 9 :39. 999.ll:20F415-07-81 
9.6 S.5 3.35 1. 1 0 
.1 • ' IJ . 60 2 . 0 c; C: , . , 2 6. 9 50. '=l 9 9. 7.7 999. 14.l2!20F415-07-81 
:39 3. 399 . 939 . 999. 9 -~ 9. G.71 ~99. 5 . 6 '-1. 7 C: 0. 999. 7.5 999. 999.13!20F415-07-81 
9 . 8 8.5 3 ., ' 1.211 . -, 0 :; C: 2. 0 5.6 27.4 40. 999. 8.0 999. 16.14!20F415-07-81 . ... - ..l . .. . ~ 
9 3 9. ~39. ;-;9 . ~·:n . ~ . ..., 0 . 6·~ r· .... - (: ., 27 .3 50. 999. .3 • 5 999 • 999.15!20F415-07-81 ., ~ .., . ... .., ..., . , . -
7. 2 6 . 0 2 .12 0. 9 0 o. s 2 . 20 1. 0 5 • (l 27 .7 r,. ;, \.J • 999. B.5 999. 14.16!20F415-07-81 
~99. ~:n . 399 . 9 9,;. 939 . 1. 04 Q99. 6 . 9 27.4 40. 399. 3 .7 999. 999.17!25F415-07-81 
2 . ~ 1.8 1.10 '). 3 2 0 .511. ?A 1. 0 7.1 Z 7.1 50. 999 . 8.5 999. ll.18:25F415-07-81 
3 J 9 . 993 . 'Vi 3. ·~9-j. 9:19 .1 -J.13 9 9 '=>. 7.2 21.0 35. 999. 3.0 9 :l 9. 999.19!25F415-07-81 
3.8 3 .2 1. 85 ,) • 48 o.~ 7. 7 ':: 1. 0 6 .? 21.1 9°9. J99. 9.1 999. 12.20:20F415-07-81 
r 
4.3 3.7 1. 3 0 0.03 0. •j 7 0 ' ., ;.J • 4' l- 1.4 7.~ 22 .6 999. 999. 9.3 4.1 15.1S:45F514-07-8l 
991 . ·399. 99 9. 9 9 ':1 . ·1 ·1 g . !. • 5 6 s9g _ S.4 27.9 999. 999. 9.3 999. 999.19:37F514-07-81 
0 . 4 0 .1 0 i'I;;. . ,,, ~ u ~ .• • ,J.:.. ;j • 1 1 • 0 4 1 • ;J 7.1 24.1 ~99. 999. 9.5 999. 10.20:34F514-07-81 
999 . 99 ·3 . :l ':79. 99·L ::i j ·::i . G. 4~ ~~n . S .5 22.5 9 9 9. 999. 9.3 999. 999.21:38F514-07-81 
0. 5 0 .1 0 .11 0 . 0 ~ 0 .1 1. 9 0 2 • i) 6 . c; 21. 6 99 9. 999. 9.3 999. 14.22!40f514-07-81 
999. 39~. 9 ·39 . 'B -3 . q s, ~. '.) . 5 2 ~ 99 . 5. 5 21.1 999 . 999. 9.2 999. 999.23!35F514-07-81 
0 . 6 0 . 2 0 .1 8 0 . 03 0 . 03 2.38 r .~ :J . ,:) 6 .q 1 3. 9 999. 999. 9.3 2 .1 a.oo:4o~s1s-01-a1 
9·; 1 . 939 . 99'1 . ':F'::J ·1 . 9 ~ 9 . l.4C ::i 9; . 7 • (t 19.7 999 . 119 9 . 9 .3 999. 999.0l!30F515-07-81 
0 . 3 0 .1 0 .15 0 . ') 1 0 . 1 1 .7 ? 1. 0 - .,. O o I 20 .1 999. 19~. 8.7 999. 7.02:45F515-07-81 
993 . 999 . ',; 9 . 199 . ~-=i-; . 1. 51 9 9 ·:j • 6 .7 20.3 999. 999. 8. 5 999. 999.03!30F515-07-81 
7 . 6 1 . 0 3 . 20 ;J . 0 4 0 .1 9'?9. 2 . n 6 . 5 22 .1 999. 199. 7.3 999. S.04:30~515-07-81 
9'j9 . ·B9 . 999 . 999 . 9 9 ·:1 . 2. os ?9 9 . 6 . 4 22.3 991. 999 . ? . 2 999. 999.05:30F515-07-81 .... I.,) 
7.2 6 . 5 3.oa 0 . 0·1 0 .1 2. 4 •) 1.0 ' I ~ . .... 2 2 . 7 999. 199 . 8.0 999. ll.06:30F515-07-81 0 
999. 999 . j'j g . :i99 . S 9 9 . 1. 63 9 '" -~ ":} ':1 • ~ • (l 2 3. 4 999. ')99 . 9.0 999. 999.07:30F515-0 7 - 8l 
4 . 9 4 . 4 2 . 03 0 . o.:. 0 . 1 3 • 5 C, 1.0 5 . ? 2 3 . l 999 . 199 . 9.1 999. 10.08:3SF515-07-81 
9:19 . 999 . ·j9 9 . j,; ~ . c,9g . 4. 1 (I 9 :11 . ::i . 0 22 . 9 999. 999. Cl ~ , . :, 999. 999.09:35F515-07-81 
1. 0 O. ; •'.) . 4 5 IJ . O;: :, • 1 -. • 10 1. (, 9 . ; 25 .4 ~99 . 999 . 9.0 99q. 9 .1 0:35F515-07-81 
:,en. j99 . 9 ~:, . ::;cu . 9 9;: . ~ -. ~ :, • 0 _,' Q '? ~ . 7.6 26 .7 999 . 999 . 9 . 7 999. 999.ll:35F515-07-81 
0 . 6 0 . 1 0 . 06 :l . 01 i) • 1 1. 27 1. 0 , .3 30.4 999. 999. 9.7 999. 8.12:35FS15-07-81 
'1::, 9 . 999 . 999 . 999 . 919 . 1. So 999 . 1 ') . ~ 31.4 9j9. 999. 9 . 8 999 . 999.13:35F515 - 07 - 81 
tJ . 5 0 . 1 o. os 0 . 01 0 .1 1. 21 1. 0 10. 1 30 . 9 999. 999. 9.3 999. 7.14:35F515 - 07 -8l 
9 9-; . 9'39 . 999 . 90~ - .. 99S . 0 • -31 O 9 S . 3 . 7 30 .5 999 . 999 . 9 . 9 999. 999.15:35FS15-07-al 
3.4 1 . s 0 . 23 0 . 02 I) • 1 ~ C Q L. • - • 2 . I) 10.0 30 . 6 999. 999 . 9.7 999. 12.16:35FS15-07-8l 
999 . 993 . 9'H . 999 . 999. 1.43 0 'l0 ~ .... .... . ~ . 4 29 . 0 999. 999 . 9.5 999. 999.17!35F515-07-81 
5 .1 '+ . 7 2 . 33 0 . 02 0 .1 1. 9 4 !.G '7 .... , . ~ 2 7. 9 999 . 939 . 3. 2 999. 10.l8:40F515-07-81 
9g9 . )19. 9~9 . 99? . 9 9 9 . 1 • ,s 4 999 . 7 . 9 2. 1. 3 B9. 9'39 . 3.6 999. 999 .l 9!40F515-07-81 
4 . 0 ~ ..,, 
-- . , 1. 90 0 . 0 7 0 . 1 1.32 : . o 7 . 5 : 7. 5 9 9 9 . 999. 9.7 999. 10.20:35 FS 15-07-81 
•} • B 0. 1 0.75 ') • . j 4 0. 0 3 ~-??. ? , . --~ . .... .,; . 7 : 5. 1 9?9. 099. 7.3 10.6 12.09!00F614-07-81 
- :)Q 
-j ., ,, • •:119. -~ ·n. ·t ::i ' j • 9 =; ·~. 0 • 7 ., q ~ -, -f ., • 7 • :. '1 1. C" c.:. _. • .) 9 -:I g. 9 9 9. 9 ... 999. 999.22:30F614-07-81 
0 • 5 0 . 1 Q. 51 0 • 0 1 0. J: 8 • E 2 1. 0 7 • 7 21. 0 ';- ~ j. :)99. 7 ;, 2. 1 7.03!50F615-07-81 . ·-
n .., 
- . - 0.1 0.14 0 • . -, l 0.03 J • 3 () 1. 1 7.0 2 4. 5 999. 999. 999. : • 5 ll.08!30F615-07-81 ...... 
0 . 1 0. 1 0. 0;:. (lo 15 1. ~ • 0 ... - '1 ::i g • 9 c:; 9. 99S. 3. 1 9.20!30F615-07-81 w 0 • 1 S u. ;_Jl 7 t . 4. ? ...... 
1 2 • ,. :, • 0 3.67 3 • ,' ') 3 • C' ·-j ~ ,: • 6 • .:; 5.4 2 5. 5 ~99. 999. 7. 0 15.1 Z4.04!30F714-07-81 
11 • 2 :3 . G ? I- r: 4.- • • .., J 3 . J 0 :> • {. 9 :> ; • .. !'\ 1 .l .... ... 7 • () ? ·' ('\ '- ,:) • L, ; 1 g. 9 9 9 • 7. 3 29.2 21.08!45F714-07-81 
·; • Gt s. o p i""i ... . ...,. .; 0 . ;) 9 0 .20 9? -:; • :; • 3 :; ~9 . 24.6 9 q 9. 999. 9 ·:, 9. 16.3 13. =114-07-81 
9.4 3 . 5 3 .:;J f) ,1 •::, 0 .16 ·, '? 1 • :;:. . 7 • ·"J ~ l. • 3 999. 999. 7. 6 20.0 12.05!00F715-07-81 I... • J ~ 
-
11. 2 7 - , ... 3. ~c 3.4 gQJ. 1 ' - : • 0 2 6 • '? 999. ·:; 9 9. 999. 29.4 19.08!00F715-07-31 • J '. ~ j ·' ...... '-
4. 6 ' ~- 4 • 5 0 G. 0 q 0. ll -:i -.:i ·:- J 2 • 0 . 1 • \) .; ., ") . 3. 3 2S.7 999. ,-q 'j ., , • ::i ".) .-J J -; • 21. 4 11.08!15~715-07-81 
1 , ., 11. 0 ; - - :. - /'\ ' ' ·j ~ ·1. ~ 1. 4 . ? • 3 25.7 999. g,n. 999 • 27.2 22.20:00F715-07-81 .i. ~. ~ ..) . - .,, 
- • j ·- ~--
9.4 - r 7. ,} 4. l) 0 . 0 ~ 0 • l S .:; ? ~. , -: j ... _., . - ' ~ ~ .. -· : 5. 7 J99. ]99. ,n ~. Z 1. 7 11.20:15F715-07-81 
132 
1981 Slackwater Surveys 
'39 9. 999 . 9:n . . - -. ·~ ..., 'j , • 9 ;9. 9 -~9 • g9g, 999 . g99. 999. ·9 99. 9gg. 999. 999.03:QOF104-06-81 
9 9 '3 . ~39. 999. :,=n. 999. 9)9. 90-3. 9 99. 9 99. ·999. 999. 999. 999. 999.03:00F204-06-81 
999. g ;i.,. 999. 9q9 , g g '.?. 91<j. qq;. 999. 999. 9 99. 999. 999. 999. 999.03:00F304-06-61 
8 . '- 6.5 4.413 0 . 0 () 0 . 7 •) . 4 999. ~- . 6 2 2. 6 999. 999. 7. 3 999. 10.02:45F404-06-81 
o.a (l . 3 0.73 0. 0 7 0 .1 J.7 2.0 4.3 21 .5 999 . 999. 7.5 999. 5.02:20FS04-06-81 
0 . '3 0 .1 O.B2 O.Cl C:• • 1 !) • 3 2 . 0 '7 ., . . - 21. 0 ':09. 4.02 7.8 999 • 5.02:00F604-06-81 
11.0 8 .5 : .3 4 2 . 00 - ~ g C,•19 q; 9 . 6 . 1 23 . 8 9·99 .<t6.50 6.7 999. 8.08:30F704-06-81 t,. • ~ 
I) • 5 0.1 1. 01 0 • 1 ') 0. 1 2 . 0 I). 3 4 .4 ? 1.0 36. 999. 7.7 2. 1 10.13:00FllS-06-81 
0.6 ~ - 2 1. 02. Ci . 11 0. 1 4 .~ 0.9 5.7 ~ 'J . 0 30 . 999. 1.1 3.0 13.13!25F215-06-81 
3 . 0 1.0 4 . 95 0.70 0.7 .) • 3 
' 
., 4.3 27.Q 42 . 999. 6 .4 5.3 15.13!45F315-06-81 .-- ..... w 
6.7 6 . 0 4. 4·9 0 . 07 C.7 0 • 2. 1. 0 e • 21.0 999. 999 • 6 .5 999 . 11.10!00F415-06-31 w .) • .l 
0.4 0 . 1 0.11 0.01 0.1 ,.. -;.) . :, 1. 0 ';. 7 25 .9 999 . 9~9. 7.9 999. 7.l0!20F51S-06-8l 
0.4 0.1 0 . 61 0.06 0 .1 0 . 3 1.0 3.0 2 9. 0 999. 999. 7.8 999. 6 .1 0:35~615-06-81 
13.4 12.. 5 6.98 1 '7 ,-, . . ~ 1. 7 '}99. 6.C 5. 1 2 7. 2 S99 . 999. 7.5 10.s 16.13:00F715-06-81 
0.3 ,J • 1 1.22 O. Q3 0 .1 22 . 9 2.0 R.6 26.0 45 . 399 . 3.5 999. 7.12!20F101-07-81 
0 .7 (). 1 1. 12 0. [J 3 0 .1 23 . 6 3 . 0 3 .6 2 5. 0 33. 999. .g. 5 999. 6.l2!30F201 - 07-81 
5 .4 4.3 4. 0 .'.) 0.60 (j . 6 ... ~ 7 • .:.:. 4.u 5. C: 26.0 33. 99g. . 8. 5 999 • 11.12:40~301-07-81 
7 • z. b.O 6.49 1. 10 1.1 ~ ., 
- • L 2.2 5. 3 26 . 0 9 9 -3. 999 . 1 .0 a. 2 13.ll:35F401-07-81 
1. 8 1.0 1. 7 3 0. •) 7 0 .1 :.? 3 . 0 3 • 1 24.5 999 . 999 . 7.5 15.0 15.ll!ZOFSOl-07-81 
0 .9 0 .1 1. 0 3 O.CA () • 1 ~ -3 <; . 6 ,... 1 'l . ... Z 6 . 0 9 -19. 999 . 7.9 20.4 20 .11: 0SF601 -07-81 
11 . 0 10.0 6 .'39 1. 4Cl 1. "t 9')9 . 2 •. 3 5.3 2 t. .'\ ~ • v 999 .2 g .45 6 . 7 1. 6 12.13!40F701-07-81 
1.0 ~ . 5 0.66 0. t15 ,).114.69 1. 2 1. e 2 ~ . 0 60. 999 . 7 . 9 4 .4 9.11:00F128-07-81 
1. 4 0. 3 0.88 o.e9 G. 1 3.29 1.6 7 . 4 :' E. 0 50. 999. 8 . 0 13.1 10.11!20F228-07-81 
1.8 1.3 1.40 o.~6 o. ; 1.17 ~ -.. ::: f; . 6 ~ - ~ .::. :, ..... ~o. 999. 1 . 0 16.3 22.l2!00F328-07-S1 
7. ::, 6.5 3.e1 C,. ';:. Q .... ,.. •J. ~ .. (i ~ ~ ·~ . ., - 3. 0 6. 1 26.1 999 . 999 . 7 .3 999 . 13.ll!05F428-07-81 
0 .4 0 . 4 0 .95 0. I)':< 0 .11 C: "' ., 
- • - i- 7 . 0 7 . 6 2 5.1 ·199 . 999. 9 . 0 999. 26.12!00~528-07-81 
,?? • -;'B • 1. 04 0 . JO 9i9 . 3 . 02 5 . 0 1.1 Z 1 . 0 qg9.124.3 8 . 5 999. 17.13:30~628-07-81 
9.6 •; . 0 4.50 0.; ~ 1. G ·?9 9. 3. 5 5.4 2 6. 7 999 . 18.6 7. 3 ? .8 14.11:30F723-07-el 
,J . a 0.1 o. -~o 1 . 01 J.115 .7 9 2.1 7.0 '2 1. 2 999. 399. 999. 999. 7.03:00Fll0-08-81 
. ,... 
IJ • ~ 0.3 0.70 0.04 0.09~2.03 ') . 
'"• V 7 . ? 21.2 c; 9 9 . 3 9 9. 999. 999. 13.03!20F210-08-81 
2 .7 1.4 1.42 0.?0 0 .323. 54 3.0 7.7 zs .o 9 9 ·:,. 999. 999. 999. 10.03:35F310-08-81 
3 .4 1.9 2. G l 0 . 50 ·".f.:19.66 3.0 5.2 25.0 c;99. 999. 999. 7.6 11.03!50F410-08-81 
4 . 0 2 . c 4 . 01 0 . 01 0 . 01 6 .1 6 1. ~ 4 . '-. 26 . 0 999. 999. 6.9 3.6 9.06!25~510-08-81 
0 . 3 0 . 1 C . 5 2 ',) • C, 1 v. 1 3 .7 3 0 . 6 1 . 2 23 .6 9 9 -3. 3.14 7.7 1. 7 8.07:00F610-08-81 
7 . i) 4.6 4.50 1. 70 1. 8 399. 5. i) 5.0 26 .5 999 .23.25 6.7 15.5 13.05:SOF710-08-81 .... 
0.7 0 .1 o. n. 0 . 05 J. 1 6. f.: 5 0 . 6 5. 0 2 3. 0 999. 999. 9'39. 2.3 8.Q3:35F109-09-81 w .:,. 
2.1 i . -~ . ':) ~ J. • .J.:.. 0 . 44 0.414 . 41 1.6 5.3 ~3 .0 999 . 999. 999. 4.1 10.03!45F209-09-81 
1. 5 0.9 1. 20 0. 2 ~ 0 .31 5 . 0P ,J. 9 4. ~ 23 .2 999. 999. 99~. 3.9 12.04!05F309-09-81 
5 . 0 '+'. :: 2. :.2 1. 30 1.312.19 1. 3 4.€ 2 .3. 2 999. 999. 9S9. 5.3 ll.04!20F409-09-gl 
0.6 '.). 1 1. 06 o.~4 () . Q.3 g jg. .. • 0 - ~-... l 9. 0 999. 99~ • 7.5 999. 16.06!30F509-09-81 
0.4 :) • 1 0.75 o.o ~ 0 . 1 ~ 1 ,; • t '1 7.7 1 3 . 0 <,99. 2.8 8 .0 999. 9.06!50F609-09-81 ... 
8.3 '3 . 0 5. 0 3 3. 5 0 ., :n 'j. .: • 0 .,,• ... 24 . 9 999 . ~8.8 6 .9 999 • 17.06:10F709-09-81 -~ . _, 
999. 939. 9,;. 9 9-;. g99. -. ..... r-'..., "'J. ~;;:1 ·~ • g~ ; . cnci . 999. 99G. 999. 999. 999.13!20Fl24-09- 81 
0.7 0.4 1. 23 , • '"I v • l · 0 . Z :_::,:n. 2. ·j = • C: 1 ~. :; 3 () • 999. 7.9 999. 8.ll!20F224-09-81 
7. 3 s.o :.: . '-:: r.,. ~o I"', c.. \) . ~ ~; ; . 1 • C, 7.3 20.5 999. 999. 7 .1 999. 10.ll:40F324-09-81 
7.8 b.5 4. 9'1 C,. 31) ~ - ; -:i 9 . 0.4 7.5 21.0 50 . 999. 7 .2 4.4 ll.12!00F424-09-81 t,; • ' 
0. 3 0.1 0.31 "'· , ., V • ... '"' 0 .1 9 -3 9 • a.~ 10. /:. 19.0 30. 999. 3.9 2.2 5 .1 2:12F524-09 - Bl 
0.1 0.1 0.50 0 . 0 l 0 . 1 'B1. " -V • :, 10 . ~ 16.3 999. 2.50 8.3 1. 8 6.09!50F624-09-81 
'3 • 3 7.0 6 . 75 !) • -~ 0 0.; 3 0" , ., . i. 2 5 . c; ?. 3. 0 999 . 999. 7.0 6.3 10.10!10F724-09-91 
135 
1982 Slackwater Surveys 
136 
N <',J N N N N <'I N N N N 
oo oo co en oo oo oo oo oo oo co 
I I I I I I I I I I I 
t- ,- t- t- t- ,- ,.._ co CX) O'.) co 
00000000<:>00 
I I I I I I I I I I I 
o:i m en co oo m oo m I.fl "' lJ"\ 
00000000000 
.-t N ('() ...t" If'\ -.0 t- rl N <V1 -j 
IL ll. LL IL IL 11.. U. IL U. U. IL 
0 0 I/'\ 0 0 0 lf'I O IJ'\ 0 I.{\ 
rr'\!Drl-1",,;J- 01.J'\rlr""ll.J'\C> 
N r" N 
oo en oo 
I I I 
CO 00 00 
000 
I I I 
lf'\ I('\ LI'\ 
000 
lf'\ '° t-
lL U... IL 
Olf'\lf'\ 
N -t- U'"\ 
O'.'l 0'.1 (]' O' .-t N r<"l 00 CX:1 U:, (J\ 0 0 (J\ 
OOOOrlrlrlOQOO.-t.-tO 
. . . . . . . . . 
lA O'J I('\ 00 ,-.t -.t° (]', t- CT' 0' (1' -.f" ,-.. C1' 
o('()(V)(D!<'I •O • •OO 
(J\ 00 t- -0 r<, <:r- N O' (J' -.j Ui 
(J\ • <1' • (J\ <1' 
(J\ ('() ( ',J .... ('('\ (1' IJ'\ (J\ o, ('J\ ,.... 
.... 
. . 
oo ro o:'> r--- oo o:.l ,-... t-- t-- r-- ,- r--- er, '4:) 
• • • • 
CT' er- <7' v' l°T' 
(l"I (J\ (j• ('.I" ('7' 
(1' !')', O' O' o, 
lA • (J' n • (J\ (J\ (J\ LI\ 
•OC'J\(1'0'0'<7' •--0 
M -.t 'J' Cl' fJ' O' (]' ('() --t 
. . 
'° ,-t -.J;) '° CT' 0' O' '° ,J) 
-.., u, -.t , :t 0 ' O" (t' IJ~ I.I'\ 
(I" (1' (1' 
. . 
Cl' ,-i (J' (1> o, 
(I" u ' (T O' (J\ 
a·- l1' er- c,... 
l.f'\ 'J N f 1o.J <...:> If\ ~ Ir, (f\ rn r- l f'\ 0 00 
. . . 
sf) r--- t-- t- 0 .-i t- ,-..... t-- t- I'-- ..cl ,..._ "' 
(J f'J < .J C"J f") f": ('',IN f'.J (': rJ C' J f"'! c , 1 
0 ' r-·. l n O ( r"\ rl t i . -..{.f C'•J "'i l f 1 0.J '1' I"')"\ 
. 
,,::-1 n • ,__ '-( ' r,::,. C:-" p 1 t!\ -.(: ...C., 1/'\ •.{) c i " :' 
_.. rl ..... 
• C> C> C ' • an c::, \~ <._-, c:. 1n c::-
C C ) <:.:) .; ; c-, <7' ,: ' •(; C..1 f '<'I ~, C i 1,.: ()') 
o, • ,,., :]'\ n, • 
0 "J f"·.! ('<~ CJ• 0 ' (t· rl ( ' I f'.l ('v M '4. (q 
,, rl c · C' u J " • er u, c . L•-, c ; ('(" . 
.,.-i ....t· <" I JJ '\ , 1· M •J" c::> <"'l f'°, I •.( l •0 ..t'" t.1' 
• • rr • er 
,.~, <<1 M r<', ,...... .,..... • ·' ' rl o: r( 1 r J ~:., , '-I o , 
r-J c, . ' " rl "': rl r •. : ....-. Ln 
rl ~ (,J ,... r-f Y-1 , , ) ..... .--1 ( ",J (TJ .-t rl 1·,J 
f'.J N ,,n ("°J U' N <":J t-- ') ... U, 0 (7" .,....f If\ 
1.:) ( ") ..-1 ... -i ::-, c, t 0 C> .... -4 t 11 C> Cl --t 
. 
r·:., ('~l c : ..-t ,.:, l.--:'I C'J (.) r;:., •.::> ... :> <:, 0 r:> 
1, J r') (") tT• .fl r-i C• ,() t-- "T' t tJ N d"'\ rt•, 
.-1 ...-t t'-~ •.(, 0 Li~ C'\J lr\ ,..j' l f'I ''J' .() ('I"'} ti'\ 
..-·-1 , -i u, OJ ,-.~ rl ·.-:"l f" 1 f"'I ....;t N t- rl •.j" 
. . 
,.:,, r:, (:) f1 ') L-, 0 rt• ,::, ,::, 0 (""' j C) 1:, 0 
137 
Appendix B. Converted Field Data 
138 
KEY TO ·CONVERTED FIELD DATA 
i 
Field Par amet er 
1- 5 Organic Nitrogen (mg/1) 
6- 10 NH4 (mg / 1) 
11-15 N02 + N03 (mg/ 1) 
16-20 Ortho p (mg/ 1) 
21-25 Total P (mg/1) 
26- 30 Chl 'a ' (ii gm/ 1) 
31-35 CBUDu (mg/1) 
36-40 D.O. (mg/1) 
50-55 Standard Time (hr:min) 
56-57 Station 
58- 65 Date (da-mo- yr) 
Missing data i ndica t ed by 999. 
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3 . 20 11.0 0 3 . 55 3 . 3 c1 3 .30 99 . <) 27. 4 ? • ?, 2v:)OF715-07-~1 
0.40 9.00 -. • 1 0 0 . Ci B 0 . l 0 ') Q. 9 21. 3 ~ .? 20 :15F715-07- 81 
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99.9999.9999.9999.9999.99 99.9 99.9 99.9 03:00F104-06- 8 1 
99.9999.9999.9999.9999.99 9q.9 99.9 99.9 03:00F204-06-81 
99.9999.9999.9999.9999.9~ 99.9 Q9.9 99.9 03:00F.304-06-91 
1.90 6.50 4.48 0.60 0.70 0.4 99.9 6.6 02:45F404-06-91 
o.so 0.30 o.73 0.07 0.10 0.1 6.1 4.3 02:20F504-06-81 
0.20 0.10 o.82 0.01 0.10 o.3 6.2 7.2 02:00f604-06-81 
2.so 8.50 5.34 2.00 2.20 99.9 99.9 6.1 08:30F704-06-81 
0.39 0.10 1. 01 0.10 0.10 2.0 0.7 4.4 13:00F115-06-81 
0.37 0.20 1.02 0. 11 0.10 4.R 2.3 5.7 13:25;:215-06-81 
1.00 7. 00 4.98 0.10 0.10 (). 3 6.8 4.3 13:45F315-06-81 
0.10 6.00 4.49 0.07 0.70 0.2 3.1 5.1 10:00F415-06-Bl 
0.30 0.10 0.11 0.01 0.10 0.5 3.0 " • 7 10!20F51S-06-81 
0.30 0.10 0.61 0.06 0.10 o.3 3.1 R.O 10:35r615-06-Bl 
0.9012.5() 6.98 1. 7 0 1.70 99.9 10.8 5. 1 13:00F715-06- 8 1 
0.04 0.10 1.22 0.03 o.os 22.9 3.6 '3. 6 12.:20F101-07-Fll 
0.43 0.10 1. 12 0.03 CJ • 0 B 23.6 ',. 7 8.6 l2:30F2Cl-D7-81 
1.04 4.30 4.00 0.60 0.59 9.2 11. 4 6.5 12!40f=301-07-~1 
1.16 6.00 6.49 1. l 0 1.10 3.2 6.5 5. 5 11: 35f401-07-Bl 
0.73 1.00 1. 73 0.07 0.10 2. :3 24. 5 8.1 11!20F501-07- 8 1 
0.76 0.10 1.os 0.06 o.o9 6.3 29.1 ~. 1 11:0SF601-07-81 
1.0010.00 6.99 1.40 1.40 99.9 6.7 5.:. 13:401=701-07-81 
0.30 0.60 0.66 0.05 o.09 14.7 2.1 7.8 ll!OOF128-07- 81 
0.43 0.90 o.aa 0.0 9 o.09 9.3 3.9 7.4 ll!20F223-07-81 
0.49 1.30 1.40 o.zs 0. 30 1. 2 2 3. 1 6.~ 12:00F32 ,3 -07-81 
0.99 6.50 3 .87 O.BO O.BO 0.9 9.2 6.1 11:0SF428-07-81 
o.oo 0.40 0.95 o.og 0.11 s. ,'. 21. l 7.6 12:00F525-07-81 
99.9~99.99 1. 04 0.9099.39 3.0 15.2 7.7 l3!30F628-07-B1 
0 • 6 () '3 . 0 •} 4.50 0.90 1. ,, 0 99.9 ,., • 8 S.4 11!30F728-07-Sl 
Q.57 0.10 0.90 0. •j 1 o.os 1 13 • 9 4.1 1 • (\ 03 :00Fll0-08-81 
0.35 o.3o 0.10 0.04 0.01 22.0 3.7 7.3 03:2oc:210-o'l-Bl 
1.14 1. '+ 0 1.42 0.30 0.28 23.5 6.7 1.1 03:15r310-0R-81 
1. 3 I:> 1. 90 2.01 0.5 0 0.58 19.7 7.1 5.2 03:50F410-0S-81 
1. 36 2.60 4.01 0.01 n. 0 7 ~. 2. 3.3 4.6 06:25!=510-08--31 
0.17 0.10 o.s2 0.01 0.10 3.2 1. 4 1.2 07:00F610-08-81 
2.40 4.60 4.50 1. 70 l • 8 () 99.9 15.6 5. () os:SOF710-0A-81 
0.55 0.10 0.12 o.os 0 • 0 5 6.6 1. 1 s. a 
03:35;:109-09-81 
0.40 1. 60 1.32 0.44 0.39 14 .4 3 . 3 5.3 03:45F209-09-81 
J.49 0.90 1.20 0.25 0. 2 9 l 5 . 1 1. 1 4. 13 C•4:05i=3()9-09-81 
0.41 4.50 2.42 1. 3 0 1 • 2 S 12.2 4.5 4.6 04 :20F409-09- o l 
o.so 0.10 1.05 0.04 o.os 99 . 9 12.4 5 .6 
06:30F509-09-81 
0. 30 0.10 0.1s 0.02 0.10 99. Q 3.1 1.1 
Q6:50F609-09-81 
0.30 8.00 5.03 3.50 3. 50 99.9 1.2 5.3 06! 10f709-09- 3 1 
g9.9~~9.9999.9999.j9S9.J~ 99.9 ,n. 9 99.9 13:20F124-09-81 
0.30 0.40 1.23 0 • 1 0 0. 2 0 99.ci 6.2 ~.5 
ll!20F224-09-81 
1.30 6.00 5.29 0. ·:H) Q.90 30.9 3. 1 7. ":l 11:40::32,4-09-81 
1. 30 6.50 4.99 0.80 0 • 9 0 9q.9 1. 2 ;'. 5 
12:00F424-09-81 
0.20 C\. l 0 0.31 ,J. CL 0.10 go.o 1. ; 10. S l.2!1 2F52 4-09-81 
o.oo 0.10 o.5o 0.01 0.1c 9g.q 1. ~ 10. 6 0?: soi:,sz4-09-91 
1.30 7.00 ,s. 7 5 0. 9 C, 0.9C 19. ? be4 5 .9 
10!l0F724-09-S1 
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App endix C. Predicted and Observe Background Inputs 
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Figure C-1. Predicted and Observed Background Flow Rate. 
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Figure C-2. Predicted and Observed Background Organic Nitrogen Flux. 
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Figure C-3. Predicted and Observed Background Ammonia Nitrogen Flux. 
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Figure C-4. Predicted and Observed Background Nitrate Ni trogen Flux. 
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Figure C-5. Predicted and Observed Background Organic Phosphorus Flux. 
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Figure C-6 . Predicted and Observed Background Ortho Phosphorus Flux. 
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Figure C-7. Predicted and Observed Background Chlorophyll Concentration. 
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Figure C-8. Predicted and Observed Background CBODu Flux. 
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Figure C-9. Predicted and Observed Background Dissolved Oxygen Concentration. 

